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a year, and finally an Ontario Hydro employee). Vladimir 
made the switch to regular employment in Toronto during 1978, 
and has since handled all details related to the conventional 
S.M. code, whether it be the SCE code, or his own (Type-59) 
modeling. 

2. The Semiyen recursive convolution modeling of Section 1.27a 

comes from Ontario Hydro (OH) of Toronto, Ontario (Canada). It 
is named after Professor Adam Semiyen of the University of 
Toronto, who inspired it (see Refs. 10, 21). Alex Dabuleanu 
(now deceased; formerly an OH employee) did much of the 
original work, as a student of Prof. Semlyen. Through the end 
of 1979, Russell Brierley of OH continued to be the premier 
expert in use of the feature, and researcher who paved the way 
for generalization to complex exponentials (theory as per Ref. 
21 by Prof. Semlyen). Bob Eifrig of Oregon State University 
(and a temporary BPA employee for several summers) restructured 
the original Semlyen code during the summer of 1976 (variable 
dimensioning, etc.). Then during the summer of 1973, Bob 
completely recoded the solution code, to allow for an arbitrary 
number of complex exponentials, following the Ontario Hydro 
recommendation. Bob did work on the associated new ’’SEMLYEN 
SETUP" (prototype which came from Russ Brierley and Vladimir), 
though a workable production tool never resulted. See Point 9 
below. 


3. The dynamic surge arrester for SiC devices with active current 
limiting gaps as described in Section i .314 was developed and 
contributed by Chuck Wolf and Dr. Arun Phadke of the American 
Electric Power (AEP) Service Corporation of New York City. 

The original mathematical formulation and crude outlines of 
TACS (see Section 3.), which is used for control system 
modeling, was developed by Laurent Dube, studying under the 
supervision of Prof. Hermann W. Dommel at the University of 
British Columbia in Vancouver. See Ref. 1?. Implementation 
and enhancement in the EMTP were made by Laurent working under 
contract with -BPA. This included the valve and diode modeling 
of Section 1.43 . Laurent's first BPA contract ended in the 
summer of 1976, and a second began in the spring of 1979, as 
a second generation of TACS is being developed. How much~of 
the new goodies make the general distribution during the 
summer of 1980 is not now (March, I960.) clear. 

5. Professor Akihiro ("Aki") Ametani of Doshisha University in 

Kyoto (Japan) developed the ’’CABLE CONSTANTS” code of Section 
7.7 ; and he also inspired the "Ametani linear convolution” 
modeling of Section 1.27b (see Ref. 11), the implementation of 
which was designed and performed by Bob Eifrig. 


6 . 


The Type-96 hynteretie inductor modeling of Section 
developed by Prof. Marcndra ("Ned”) Mohan nnc: Mr. Jim 
the University of Minnesota in Minneapolis. This war, 
1978 and 1979, under contract with BPA. 


1.71 was 
Frame of 
during 


The universal maehin rt (U.M.) 
developed by Prof. Mian Lauw 
Co r v ? 1 1 i r,, Oregon. Th 1 . s w a 3 
contraot with BPA, 


modeling of Section 1.67 wns 
of Oregon State University in 
'h;r in? ,nnd 10**9, under 
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8. Th, Type-59 wMladtpu"® ^ 

Section 1.62 wa9 , 6 ]* i f ^^rtr his doctorate in Vancouver 

lrw«wijn -fill ,J o : r ^uatrSuderits), See Ref. 15. 

Implementation in the SMTP was under con tree t^with^BPA \^ n 

Toronto, and has been refining 
and extending the code ever since. 

9 . Or. John Hauer of BPA JJJJ ^’’suIpildS'^SEHlVEH SETUP" 

Mf 5, voi. I*. "^llVZVtinlX h? S °«n‘ ' 

Rather than correcting jest w°i- u Jj® ^ 0 itain fitting program 

self-contained, sophisticated, two ; jQh n says that 

that has evolved over the past d-C - abblying standard 

Ml, 1, b case of U.». « of^Jol and' strode industries 
{J'SSr.^^KrkV. atiU underway in April of 1980. 

H«nc. there is “along ago^gt/MMany 

devsldpment on ah international scale is » and ! % hort ,.tefm contrasts 

Oh informal committments amongJ^8 an ** a ^een’centered largely in 
With individuals, the coordination has been cen^ ^ b J tter , 

Portland (BPA)* ? nly t. is now being pursued} any 


A new EMTP user is encouraged to seek^assistance ^hit^his own^ 

dorftjSafty when Using th$ program for • nroaram * and/or problem 
a new mode. If there are questions as to program anc/o^P^ 

restrictions,. an inquiry to ex P e ^® n ** d b ?^ modeling are inimitably 
advisable* the SMTP and Invaluabl! in order to avoid 

tridhy and sophisticated , with b in garbage out) nature, 

experimentation of a trial and error ^® ar “*§ e a J 1 i to travel to Madison, 
For those able to spend corpora ^ short course (see beginning of 

Wisconsin, I strongly recommend the tnir sno 

section). 

Finally, Program Maintenance a ^ f B ^ fc g® U J, d v in^very^very carefully 

program bugs da^and physical modeling assumptions, the 

double-checked his Input data and pny dooument h is difficulty, then 

user is willing to ca r £„; ly rt f,i r ,riP l ?d y -Dor<=>ciate hearing from him, 
program Maintenance at BPA w °^ d ,5* internal users, provided they 

This goes for users outside BPA as well^n^in«err (or transla tLon) of 

.are using the latest avails 1 p^^. program bugs which show up in the 
th * pt*ogr^fHe I n general, i fmtp which can bo the concern ot 

latest production «‘ r3 '»" ? / m E ^ Srs ,re completely on their 

Program Malntanance, Outside r periodically procuring a new 

6 w.n , .then , unless they remain our ^"J. ° y p “^a tPS ar J performed, 
verate'n Of the EMTP when major production, updates v 


The Transients Program is used to solve the ordinary differential and/or 
algebraic equations associated with an "arbitrary" interconnection of the following 
.|^elements» 

1. lumped resistance* *\T * U 


Lumped inductancet 

Lumped capacitance t 

Multiphase Pi-equivalents, 
where the preceding scalar / 
R, L, C become symmetric 
square matrices 1 r| , 

1*3. tO * 


V»Ri» 

V“»l 4^/,}% 

4 , tt C^/j 



-V^V*—r$yi 

"* *?*»ur*v£b 
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Multiphase disiribut«d*pa«utwt*r 
transmission lines, wherein propagation 
time of the line is represented. 
Distortionless and externally*-lumped^ 
resistance approximations are available, 
as well as "exact" frequency‘dependent 
representation $ * 


0, Nonlinear resistors, where the 
curve must be single-valued. 


7. Nonlinear inductors, either with the conventional 
singlet-valued characteristic (see • sketch at right), 
or including hystereaie. , 

acwV 

■8, Time-varying resistance. 





Switches, used to simulate circuit 
breakers, lightning-arrestor 
flaahovor, or any other network ■ 
connection change. Diodes attd do 
converter valves are included 



Voltage or current sources. In addition 
to standard mathematical functions 
(sinusoids, surge functions, stops, 
ana ramps), the.user may specify 
sources point by point as functions 
of time, or in FORTRAN, or as defined 
by TAGS (see Point 12 below). 


v(t 


H 
11 


11. Dynamic synchronous maohines (3-phase balanced 
design only). The electrical side is represented 
by Park's (Blondel's) equations, While the 
mechanical side is modeled as an interconnection 
of masses, springs, and damping. Arbitrary 
exciter and governor dynamioa can be represented, 
by connection to TACS (see Point 12). 



12 . 


Control system dynamics, as are normally 
represented on differential analyzers ( 
analog computers)* This modeling capability 
goes by the name of TACS (an acronym for 
Transient Analysis of Control Systems). 
Nonlinear and logical operations may be 
represented. Input and output may be 
interfaced with the electric network of 
the ST.ZTP, providing a hybrid representation. 
All TACS representation is user-patchab.1 e, 
and hence configuration free. See Sect, 8. 



13. Unconventional rotating electromechanical energy 
converters of various sorts, including induction 
machines and do machines. An arbitrary number 
Of windings on each rotor axis is allowed, there 
is no restriction to 3-phase usage, etc* Compensation 
is used* and any mass-spring dynamics of the shaft 
are represented by an electrical analog. Various 
control system connections are possible, via TAGS. 
Refer to Section 1.63 (the universal machine model). 


Trapezoidal-rule (second order) implicit integration is used on the describing 
equations of the component elements so as to form an associated set cf real, 
simultaneous* algebraic equations which must be solved at each time step.l These 
are placed in nodal-admittance form (with new unknown voltages as variables), and 
are solved by ordered triangular factorization.^ The user is referred to references 
1, 2* and 3 below for the mathematical details. 


Program output consists of voltages mid currents as functions of time, for 
those variables, requested by the user. Both printed and plotted output' are 
available. Interactive CRT plotting of results i3 also available on some 
systems, and is clearly the superior mode of output when properly set up and 
supported. Details of a CDC-Tektronix system are covered in a January 25, 1975 
5SSTP memoranda of Reference 8. See Section 5,0 for a general summary. 


Initial conditions for the differential equations can be determined 
automatically, provided that all sources are sinusoidal, and of the same frequency, 
$ucH'phasor solutions can also be printed out, as per Section l.Oh » As a case can 
be terminated after such a solution, the Transients Program thus serves as a 
(linear) ac sinusoidal steady*-state program also, ' 
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Theory behind the EMTP is scattered through various technical 

papers end a few books. The following may be found useful for reference 

purposest 

1. M. W, Dommel, "Digital oomputer solution of electromagnetic 
transients in single and multiphase networks," IEEE Trans., vol. 
PAS-08, pp. 388-399* April 1969. 

2. H. W* Dommel, ."Nonlinear and time-varying elements in digital 
simulation of electromagnetic transients," IEEE Trans*, Vol. PAS- 
90, pp. 2561-3567, Nov/Deo 1971. 

3* W. S. Meyer, H* W. Dommel, "Numerical modelling of frequency- 
dependent transmission line parameters in an electromagnetic 
transients program," IEEE Trans., vol. PAS-93, pp. 1401-1409, 
Sep/Oct 1974* 

4* W, F, Tinney, J. W. Walker, "Direct solutions of sparse network 
equations by optimally ordered triangular factorization," Proc, 
IEEE, Vol* 55, pp. 1801-1809, November 1967. Also available in 
1967 IEEE PES PICA Conference Record. 

5. User’s Manual for BPA Line Constants Program. No longer available 
separately, this is now part of the EMTP (see Section 7.4). 

6 . M. JaVid, E. Brenner, "Analysis, Transmission, and Filtering of 
Signals." New York* McGraw-Hill, Chapter 11, 1963. 

7* H. W. Dommel, W, S. Meyer, "Computation of electromagnetic 
transients," Proe. IEEE, vol. 62, pp. 983-993, July 19?4. 

8 * W. S. Meyer, "Transients Program Memoranda." • Approximately 150 
pages per volume, this concerns the EMTP development memoranda 
which are regular issued as progress is made. Individual memos 
are bound When there has been sufficient accumulation to form a 
volume. As of March of 1980, there were nine volumes. Only the 

most recent Volume is generally available, however, so do riot write 
requesting a complete set;. Older volumes are out of print. When a 
neW volume is released, a fixed number of copies are printed; and 
when these are exhausted, the volume becomes unavailable through 
regular channels Ca Freedom of Information request would always be 
honored, of course, but a copying fee would be charged). 

9* D. R. Carroll, W. 5. Meyer, "Digital and hybrid computation of 
electromagnetic) transients in power networks," Sixth Annual 
Pittsburg Conference on Modeling and Simulation, Pittsburg, , 
Pennsylvania, April 1975. 

10. A. Semiyen, A* Dabuleanu, "Fast and accurate switching transient 
calculations on transmission lines with ground return using 
recursive convolutions," IEEE Trarts., vol. PAS-94, pp, 561-571, 

1975. 

11, A, Ametani, "A highly efficient method for calculating transmission 
line transients," IEEE Trans., vol, PAS-95, pp, 1545-1551, 

Sept/Oct 1976. 
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id i nabe H W. Dommel , "Simulation of control systems in an 
12 ‘ eiecfro^neUo transients prog rare with WCS," MU PM PIC* 
Conference Record, vol* 10* PP* 265-271, 19/f* 

r? W S. Meyer, "Machine translation of an electromagnetic tr 0i }$i® n £2 
13 * or or rare (EMTP) among different digital computer systems, JEWS PES 
P^A inference Reclrd , vol. 10, pp. 272-277, 1977* See also Ref; 

8, Vol. Vt, 5 January 1977, pagination PICA. 

iu v Brandwain, H. W. Dommel, "Synchronous machine parameters in 

an alybisofelec trom agnetic transients c ?“ un j c !‘ l0 "°,. 

and Power-Conference, Montreal (P.Q., Canada), October 20-22, 1976. 

1 C V Rr*snriwain "Synchronous Generator Models for the Simulation of 
15 ‘ ElectromagnetiG TransientsPh.D. thesis written at the Un versity 
of British Columbia (Vancouver, B.C., Canada), April 1977, 7 P g 

plus preface. 

16 G Gross and M. C. Hall, "Synchronous machine and torsional dynamics 
* simulation in the computation of electromagnetic transients, IEEE 

Trans*, vol. PAS-97, PP- 1074-1086, July/Aug 1978. 

17 D. P. Carroll, R. W. Flugum, J. W. Kalb, and H. A. Pe ^ er ®°"’ ! A 
17 ‘ dynamic surge arrester model for use in power system transient 

studies," IEEE Trans., vol. PAS-91, pp. 1057-1067, May/June 1972. 

18. IEEE SSR Teak Force, "First benchmark model for computer liMlatlon 
of subsynchronous resonance," IEEE Trans., vol. PAb-.-)o, pp. 

1572, Sept/Oct 1977. 

IQ P M. Anderson, A. A. Fouad, "Power System Control and Stability." 
Ames, Iowa (USA): The Iowa State University Press, 1977. 

20. V. Brandwajn, H. W. Dommel, "A new method f °r interfacing generator 
models with an electromagnetic transients program, IEEE PEo PI- 
Conference Record, Vol* 10, pp* 260-265, 1977* 

Pi A Semlven, "Contributions to the theory of calculation of 

electromagnetic transients on transmission lines with frequency 
depeS^arameters," paper submitted to IEEE for presentation at 
the 1979 PES Summer Meeting. 

pp U Vf. Dommel, Editor, "EMTP Newsletter." Published approximately 
Quarterly in Vancouver, issue number one appeared during July oi 
iq-7n“~ For information about subscription, write to: Dr. Nermann /I. 
Dommel .Professor ; Electrical Engineerir. ? Dept ; University of 
British Columbia; Vancouver, J.C. V6T Ur*; A:, A Dn . 

28. V. Brandwajn, W. S. Meyer. H. W. Dommel, "Synchronous machine 

initialization for unbalanced network conditions wuhm an e^ec. o- 
magnetic transients program," IEEE PES PICA Conference Record, vol. 
11, pp. ???-???, 1979 . Also available in Ref. •, /ol . vil, 

28 January 1978, pages TDCE-17 tivougn 1o. 




24. H. W, Dommel ? 8,C, Chiu* • $». Meyer, *’Analysing transients in 
ae/dc systems with the BPA Electromagnetic Transients' program," 

'• Proo, IEEE interngtienei Conference on Overvoltages and 
Compensation en Integrated ao-dc Systems, Winnipeg, Canada, 

4oiy 8*12, 1980, 

85. A. Ametahl, »*A general formulation of impedanoe and admittance of 
cables," IIEg Tran*,* y©U PAS-99<3), pp. 902^-910, 1980, 

86. A’ Ametani, "Wav* propagation characteristics of cables," IEEE 

Trans., vpl, fA3*99, Ho, 2, jap, 499-505, March/Spril 1980, . 

27 * R, H, i,asseter,• D r M, Demareat, F, J, Ellert, '^Transient Over*, 
voltages on the neutral bos of HVDC transmission systems," IEEE 
PAS paper ftp, A78 707-4, presented at the 1978 Summer Meeting. 

28. Ft. H. lasseter, "Electrical characteristics of long overhead HVDC 
transmission lines," IEEE PAS paper No, A79 $35-6, presented 
at the 1979 Summer Meeting, 

29. IEEE Tutorial on the digital computer solution of electromagnetic 
transients. Just now (September, 1980) being prepared * this is 
tentatively scheduled far the Winter (Atlanta) and Summer 
(Portland) Meetings of the Power Engineering Society. The session 
is to last one full day, and there is to be a printed booklet 
consisting of six IEEE-type papers on different aspects of the 
subject. With something like 160 references of its own, and 
ample historical perspective in several papers, the printed 
transcript is recommended for beginners and management (who may 
want a carefully-prepared overview of the subject). 



fig* 29* Growth of SMTP (actually, UTPP) coda va. tithe. 



The EMTP ta being made available for execution on the different major 
American computer systems by means of machine translation of an installation- 
independent master file known as the Universal Transients Program Pile 
"{abbreviated UTPP). Conceived of in November of 1974 (see Ref. '3;> this 
scheme utilises a different Editor/Translator (e/t) program for each different 
computer system* so as to machine—process tne UTPP, to convert it into legal 
EMTP PORTRAN for the particular installation of interest. Thus all EMTP code 
actually begins with the same master file (the UTPP), but differs according to 
the built-in or speotally-requested properties of the translation* Within thib 
framework, the writing of a common EMTP User's Manual for all is thus a little 
bit tricky. 

Some differences of the EMTP code for different computer systems are 
completely hidden, out of sight of the program user, and are of no concern to 
him. For example, alphanumeric storage (e.g., the 6-oharacter names for network 
busses) on Uni vac is handled in FORTRAN INTEGER variables, while on IBM the 
mode is REA1*8 . This is a concern of the program developers only, not of 
any normal interest to the user* Reference 13 summarizes the entire process. 

Other machine differences affect the user in only a minor way, and he may 
not even initially be aware of them. For example, computer word length 
dictates certain precision or other numerical requirements on the input data. 
Control Data with its big 60-bit word is more tolerant of a wide disparity Of 
input data than is Uni vac with its 36-bit word, for example. Here we are 
talking about limits which exist for all EMTP users, but which vary in severity 
or Value according to the computer installation, being considered. Relevant 
comments about such considerations will be found in the user instructions, 
where appropriate* The user should always be aware of the Computer word length 
used in his EMTP translation, needless to say. 

Finally, certain EMTP operations are totally different for different 
installations, at least in outward appearance, as far as the user is concerned* 
For example, computers of different manufacture (IBM, CDC, Univao, SEL, etc.) 
will require completely different job control cards, in general. These are the 
instructions by means of which one pleads with the installations operating 
System, asking for the EMTP, manipulating his data input files and the program 
output. Such job control language (JCL) may even vary among different 
installations of the same manufacturer, due to local preferences or constraints 
which are placed on the mode of operation. If in doubt as to what to employ, 

1 the user should always contact his resident EMTP expert for the last word. Yet 
as a general guide, the following "system" instructions as to EMTP setup are 
typical, for the different computer systems indicated.' Refer to Section 0.5a 
onward — that seotion applicable to the computer system of interest. 

As summarised in Reference 13, FORTRAN statements which are highly 
dependent on computer manufacturer and/or installation usage have been 
isolated in installation-dependent SMTP modules. If a given organization 
performs its own translation, such modules will be net up to satisfy its own 
peculiar needs, and Program Maintenance of that organization should 
thoroughly understand the decisions which have been made; in this case, there 
Should bo no complication at all. But, if a given organization receives a 
FORTRAN copy of the EMTP from some other group which uses a computer of the 
. same manufacture, then perhaps nothing will be known about installation- 
dependent modules and the installation-dependent choices which may have been 



tfUb-1 


made therein* In order.to be able to change some of these decisions If 
need be, the user must know how to locate such modules* The following is 
a. list as of April,, 1990 ('‘M27»" idents): 


Module name 

UTPP overlay 
name and # 

Purpose of module 

i **■ 

EREXIT 

MAINOO; -1 

For tnoso systems Which can recover 
from fatal system errors f 'set up 
the linkage in this module. 

RUNTYM 


Find tne current central processor 

and input/output 300 times. ' 

* - * « 

TIME44 


. Find tne current wau-eiock time, 
in format' ' "HH.mm.ss* 

CIMAGE • 


Read tne next data card from unit 

LUNITS 'DECODE it as fcQAl If 

free-format. Check for s-catds. 

Skip over'comment cards, etci 

LOCF 


Find tne address in memory of tne 
argument,‘as a numoer Of REAL 
words, * 

LQCINT 


Find tne address in memory of tne 
argument,‘as a number of INTEGER » 
words. * .... 

RFUNL 1 

RFUNL? 

RfUNL3 
i CFUNL 1 
! CFUNL 2 

1 CMPLXZ 

IfUNL2 
IA0S2 

j 

All library, functions are defined 
using Entry points 1h these 
modules, for tnose systems allowing 

ENTRY usage. Neutral names are' 
used' Ce.g'., ''5INZ'' 'is used tor 

tne usual "sin" or "DSIN" j. 
special'iimit checking'can also be 
placed'in these-modules.* 

PACKA1 


Packs one character CAi information) 
of one word into any ‘character" 
position of another word,' . ' 

PACKCH 


Packs A 4 or Ab word 'strings into 
alphanumeric vector storage so that 
mere are ho lmoectaeci blanks, inis 
was originally designeo tor Caicomp 
plotting, to remove excess blanks. 

SEEDY 


Find tne numoer of seconds since 
midnight, based on alphanumeric 
input of tne time ("HH.mm.sS"), 

RANDNM 


Compute a random number troll tne 
dice),'uniformly distributed'over 
the unit interval CD, 1 ) , j 


V III- ~ <1 


SYSOEP 

MIDOV1 

DATE44 

PFATCH 

OVER! ; 1 

Performs various system-dependent 
initializations at tne start of 
execution*of a new EKTP data case. 

Performs miscellaneous system- 
dependent initializations wnen EMIP 
control is ready to*exit OVEHl *' 

The call’ to syspep is too ’early 
to perform all system-depedent 
initializations/ it turns out. 

Find tne calendar date ("MM/DD/YY" ) , 

Attaen (connect) a disk tile of 
plot’ points to I/O ‘ unit ’ LUNIT4 , 
in coniunction witn "rkploT" usage 
of section l.Od 

DLIBRF 

. QVER13 t 13 

‘ 

Used to provide double*preclsion 
library functions Dust witnin overlay 

13/ for use witn the semiyen 
recursive convolution code only. 

KATALG 

0VER20 ; ZO 

j 

1 

• 

Save tne contents of unit number 

LUN1T4 as a permanent file on 
disk:;' File is later used witn 
for' "REPLOT" (Section l.Od) or 
interactive plotting (Section S). 

But sucn usage is only for tnose 
systems (e.g,, BPA-modifled CDC) 
where it'ls possible to catalog' * . 
after the file has' been written. 

For those systems requiring the 
cataloging before anything is 
written inthe file (e.g,, Honeywell, 

VAX), use SYSDEP instead. * *‘’ 

STATUS 

0VEH29 ; 29 

; 

: 

- ’ 

! 

1 

This module serves to connect to • 
units LUN1T3 and. LUNIT9 the 
"STATISTICS"' results which were 
previously’saved ,oh disx' by STATSV , 

This’ is in response to "TABULATE"* 
ENERGIZATION RESULTS" request Of 

Section i.ci? 

BSCPfcT 

QVEH31 ; 31 

•* * T ** 

Module is called by tne main plotting 
module suaftii before any CaiComp' 
plotting* is cone, for each data case. 
Arbitrary system-dependent initial¬ 
ization is possible. 

ENDPLT 

' ' ] 

* 

Module is called by the main plotting 
j module SUBR31 after all'plotting Of 
a given nata'case is completed. 

Arbitrary'system-cepenaent 
termination (e.g,, .'suffer flushing) 



is possible,* 





0VER41 ; 41 



moouie is called immediately oefora 
tne one ana only (almost; jtqp 
statement, of the SMTP. Arbitrary 
termination operations (e„S,, Hie 
clcsine j spooling, s t c P j c&n b s 

perscrc.ect* 


Possibly installation-dependent, 
inis' module routes a floating-point 
number to five significant digits, 

I h e u n lversa! m c d u 1 e uses logarithms 
as 'a'scientific approximation; ' For 
those having decode, aha“a' penchant 
for purity (we' k'i ’spa* do hot) , 
replacement 'couic tc made. 


The "HAUER .isiu?" feature (see 
Sections 7,1' ana 7,9) uses various 
1 /Q channels in different modes 
(FORMATTED 'vs, unformatted reaas and 
writes?'then for oil other SMTP 
features, 'For systems liKe VAX 
Which require tnut the mods be 
declared wr.eh the rile is opened, 
this’moGUle closes tne SYSPhiP ' 
op*hinos, ar.d reopens as"needed. 


Save the contents a units UUNIT3 
and DUN ITS st the end' oi a' " 
STATlsiics*’ data case, to allow 
for'later* tabulation*(usually with 
the addition oi *otner partial 
results), see trie "'statistics 
OUTPUT salvage" £eaiure”e£ Section 
l.o?', ■ As wifcn Katalg , this 
is for systems (e.g,, oPA CD'C) which 
permit cataloging after the'fact.' . 
For those systems te,g«, Honeywell 
and VAX) which require cataloging 
before, 'use 'midqvi instead. 


appendix s There may, or may not, be a module "FRE.NUM" in 
overlay -l, If it appears, it is installation- 
dependent, and is called oy "FREFLD" to actually 
extract a free-fornat numerical number. See Ref, 
Vol» X, 3 July 19S0, page MSDO-il. If not used, 
the universal "FREFLD M of "M27,» and earlier 
versions is being relied on., and precision might 
be questionable. Read the SMTP memo for details. 
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•Several specific modifications will be of edneerh to *1 

particularly those which are hot in the U.S*A. (where conventions am different). 

Included are the fo11owingi 

1. Power system (synchronous; steady estate) frequency 

The steady-state frequency of power system operation ia defined within 

module "SYSDEP" of overlay number 1 » Variable. • . * • - , 

"STATPH" should be assigned this frequency in Herts (equal to 68i0 fe* 

usual usage within the United 

2. Calendar date format 

As set up for usage In the States, "WtAfD/TI" is printed, where. 

"mm" _, two decimal digits for the month (e.g., "03" for March)? 

-«i)D" — two decimal digits for the day within the month? 

.nyytt two decimal digits for the year (e*g* f T7 for 1977;* 

In most other parts of the world (ineluding Canada, as I "JJJJ? 

the U.S. Army, 1 believe that it is common usage for the day precede 

the month "MM" . If module "DATE44" (see above chart) is altered so ho 
to produce "DUA®'/^" t then the associated format within subroutine 
"SYSDEP" (which is used for one or two lines of SMTP heading) should be 

changed aoootiiingly* 


lata formal 


iraoterg 


As explained in Section 1*0g6 f two special character?! are used 

in conjunction with EMT? free-field data input. As of ^00 

("M2?." UTPF idente), a comma is the default separator character CSEJAR 
and a dollar sign is the default continuation character CBCCWT * 11 

local Program Maintenance wants to alter these, it is a trivial matter . 

to change these variable definitions within module "SYSDEP" (««« jjove c^rt). 
Tae only restriction should be obvious . .both characters must be unique »n« 
distinct from all Ef.1T? data characters. For example, a slash ( / ? 

not be used along with a data case which involved TAGS supplemental variables, 
since' "/" ia used to indicate division in Section 8.5*5 data. 


4, Batch-mode plotting parameters . 

Several parameters which are related to batch-mode B8®P plotting 
(Section 1.10 ) are defined in module "SYSDEP" (see above chart). 

The following might be varied, from one installation to another. 

SZPKC —— Height of CalComp plotting paper which is being used, , 

in inches* Or more precisely, this is the maximum 
vertical excursion of the pen (any margin and sprocket 
holes thus are not to be counted).. Recall that the user 
is able to over-ride this default value at execution time, 
using a "PLOTTER PAPER HEIGHT" oard of Section 1*4 




SZBJSD 
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Maximum length of the plot, in inches. For BPA CDC usage, 
this is set equal to 72.0 (about the size of our 
EAI flatbed surface). This parameter is used as 
an argument of the overlay #31 call to subroutine 
"PAPRSZ" (whose job it is to protect against illegal . 
excursions of the pen). 


LNPIN The number of lines per inch of the line printer. 

Recall.that the scaling of a line printer plot will depend 
on this figure. The user is able to over-ride the 
default value at execution time, using a "PRINTER 
LINES PER INCH" card of Section 1.0c . 

k 

NSMTH The number of successive ups and downs before averaging 

of successive points is resorted to, for plot purposes. 
Recall that the us$r is able to over-ride this default value 
at execution time, using a "LIMIT ON PLOT OS" card 
of Section 1.0c . 

LLBUFF ——— Variable which is used as the second argument of the 

call to CalComp subroutine "PLOTS" — to be found 

. Within module "BEGPLT" (see above chart) of overlay #31. 

As originally used by CalComp a decade or so ago, this 
wao the buffer length of the "LUNIT8" output chanel 
on which plotter instructions will be written. But many 
installations no longer use such a specification (e.g., 
the buffer may be automatically set by the system, or it 
may be defined by the job control language (JCL) cards). 

The.first executable statement of the program, located 
in "MAINOO" (overlay number -1*) and never executed * 
again, is tho assignment of value -3333 to "LLBUFF" . 
The first time through "SYSBICP" , this is converted 
to a positive value. . Module "BEGPLT" of overlay #31 
then could append a minus sign, as a flag that "PLOTS" 
has been called once, and is not to be called again if 
this, is the desired usage. Remember, bntch-raode plotting 
is done by .a primary-level overlay, if the program is 
overlaid. For BPA CDC, this requires; that "PLOTS" 

.be. called each time the overlay io'usied (for each data case 
which uses CalComp plotting). This sseemn to be quite 
installation dependent. 


VUl-5 


5 . Input/output unit numbers 

Unless explicitely altered to the contrary by Program Maintenance which 
sets «P the translation, the following input/output (i/O) unit assignments 
will be assumed: 

LUNIT5 = 5-card reader (EMPP input data cards) 

LUNIT 6 = 6 -2—- line printer (SMTP printed output) 

T.UNIT7 » 7 — — card punch (for EtfPP punched-card output) 

LUNIT 8 * 8 ——- machine-language instructions for plotting hardware 

(as generated by calls to the Cal comp subroutines 
during the overlay #31 batch-mode plotting) 

1 UNIT 1 * 1 - —— scratch tape; very small buffer will suffice 

(for BPA CDC, 64 decimal words were used). 

LUNIT2 * 2 —scratch tape which is used for dumping most of /BLANK/ 

and /LABEL/ , to be read back into central memory 
for each new energization of a "STATISTICS" or 
"SYSTEMATIC" data case. A big buffer is recommended 
(for BPA CDC, a buffer of 1024 decimal words was used). 


LUNIT3 » 3 --Like "LUNIT 1 " 


LUNIT4 a 4 —— scratch tape which is used for storage of the raw data 

points of the plot file (later to be plotted). A good 

size buffer is recommended (for BPA CDC, we used 512 decimal 

words). 


LUNIT9 - 9 


LUNIT15«15 


like "LUNIT 1 " 


If any of these usages are illegal or inconvenient at the installation of 
interest, alternate assignments should be made within module "SYSDEP" (see 
above chart). PRIME is one such system, for which some re-assignments had to 
be made. Actually, as of April, I960, I do not believe that "LUNIT10" . 
through "LUNIT16" are actually being used for anything other than possibly 
the "HAUER SETUP" code of overlays 48 and 49 * 
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o.5a Control Data Emtp setup fas used at University of Minnesota) 

*"""'* . . .....■ .1 .m ■ I mn .,! , . .I , .' i rni.t , 

Before February of 1979, BPA used Control Data Corporation 
computer systems for the support of the EMTP, ana there were 
elaborate instructions related to use of the CDC EMTP in this 
section. But this ended with acquisition of BPA's DEC 
VAX-li/780 (see later .section), and BPA emtp usage of CDC has 
ceased, Do not write to Bf»A for a CDC version of the EMTP, sine* 
current CDC EMTP versions no longer even exist in Portland* 



, The University of Minnesota in Minneapolis seems to be the 
dominant regaining domestic CDC user which has SMTP interest. 

An "M 2 ■?«” version was set up there during May and June Of 1986, - 
and the CDC Editor/Translator (E/T) program was converted 
from VAX to CDC (see Ref. 8, Voi, IX, 17 June 1980, page 
TTMA-ii). Everything would seem to be in place, ready for the 
general EMTP release of the summer or fall of 1980, It i® this 
upcoming version which shall be made available to th*'general 
public fof a modest charqe (something like 5300 is h<?w being 
contemplated, to cover the cost of program setup, testing* a new 
tape, handling, and postage). The key individual in the plan 
is a long-time EMTP user, to whom all questions should be 
directed? 



Dr. Narehdra (“Ned 1 ') Mohan, Professor 
Electrical Engineering Department 
i23.Chufbh Street S,E. 

University of Minnesota 

Minneapolis, Minnesota 55455 

U.S.A, Telephone? C612) 373*8419 


Peek to technical aspects of the service which wed has 
offered te provide. A new reel of magnetic taoe (most likely 
not over lgoo feet at most) shall be used, so do not mail any 
^ „scratch tapes to him. As for tabe format, 9-tragk, iSOOwBPX, 

labeled, and.SI (System internal) Format are understood.to be 
applicable adlectives. This latter specification implies a 
binary tape, I guess (created by COPYBF or COPY commands), 
Tapes shall oe mailed by First Class in the USA and Canada, and 
by Air Mai; to all other countries. 


CDC CDC CDC CDC CDC CDC COG CDC CDC CDC CC 
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Minimum contents of the tape shall be the following files* 

1 , UPDATE SOURCE file Of "VARDIM" FORTRAN, This 
is the vafiable-dimensionihg program, 

2, UPDATE SOURCE file of EMTP proper. This is 
the CDC EMTP FORTRAN, 

3 , UPDATE SOURCE file of a number of sample EMTP 
data eases, 

4, OUTPUT Cline Printer) file of the solution to a 
number of sample EMTP data cases. 


Unlike past CDC EMTP distributions which were made by 
bpa, this time the user should not have to worry about special 
installation-dependent modules that are peculiar to the 
distributor. It seems as though the calendar date and time 
of day are now available.using standard CDC library functions, 
so no problem here. As fdr the LUNIT4 plot file, it was 
decided to have the user handle this himself, externally, as 
part of his job control cards. That is, there is no internal 
open or CLOSE operation for this file, as long as the user 
only solves one data case at a time, and is willing to Keep 
track of plot file names individually, this works. General 
structure of CDC nos job control cards for a typical EMTP 
solution then have the following general form* 


1 . 

2 , 

3. 

4. 

5. 

6 . 

7. 

8. 


9* 


Job card Ctime and memory limits, etc,5 
Account card (user authorization) 
Attachctpoverl) 

TPOVERL. 

REWINDCTAPE4) 

RETAIN(tap£ 4* file name.(7 characters or less) 
7-8-9 card (end of file card) 

BEGIN N.E.V DATA CASE _ 


G 


EMTP data case being solved 


BEGIN NEW DATA CASE 

blank card ending data cases. 


£> 


For those production-oriented users who would prefer to 
have the DUNIT4 plot file internally opened, this is 
possible using FORTRAN v CDC software (it will not 
work with FORTRAN IV), The required additional code will 

within module "PFATCH" of UTPF overlay number one 
(CDC UPDATE ident "0VER1" ), with "C" added to column 1 to 
5 0ri,ment cards * This is the opening operation. As 
III closing, this is in "SYSDEP" of the same overlay, also 
out * Execution of this added logic was tested Ah 
apolis using a separate driver, so it should work. 


be sairi <0 L CalComp EMTP batch-mode plotting, little can 
k < e awrG-i the recip l e h t wants to use this, he must supply 
LOADS *»>”«»»•« t«IS, SYMBOL, etc.) 

such TP ‘ Sucn externals can be left unsatisfied, 

•*-otLing is never to be used. if an I/O unit numb 


if 
number 


P 


CDC GDC COC COC CDC CDC CDC COC CDC CDC 
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is required for the plot file, .TAPE7 has been reserved 
for this purpose. The user of CalComp EMTP plotting 
is also referred to the section *'4. Batch-mode plotting 
parameters" preceding Section 0,5a , 

The status of interactive CRT plotting for CDC is 
still uncertain. Refer to Section 5, for an explanation 
of vhe concept. As of June i960, no commitment has been 
made to convert the 3PA VAX program to CDC, 

„ The preceding page illustrated sample job control cards 
for the solution of an EMTP data case, including the,saving 
of LUNIT4' plot data points on disk: as a permanent file. 

If batch-mode EMTP plotting gf this file is desired at a 
lat r time, then the following job structure is applicable* 

1, Job Card 

2, Account card, 

3, ATTACH(TAP£4» file name ) 

4, ATTACK(TPOVERL) 

5, TPOVERL, 

5* 7-8-9 card, 

7. BEGIN NEW DATA CASE 
REPLOT 


BLANK CARD ENDING DATA CASES, 


Some CDC users may have a shortage of user-available 
Central Memory (we at a?A did), sc a few words about memory 
requirements miqnt be in order. No Extended Core storage is 
used at all. As for Central Memory, CK16C000 should be 
adequate to solve most typical -production problems that are 
of interest to a utility, though the'variable dimensioning 
program "VARDlM" . may have to be used from time to time in 
order to trade the space of one table off against another, 
based on "M27." experience, about. 37K decimal words are 
required just for the code C37.4K decimal a uiK octal), though 
this ignores’the fixed storage which is required by features 
which have yet to be variably-dimensioned (S.M. code, and ZnO 
code). If tables of /LABEL/ were set to zero, CM123360 

would be required, so variable dimensioning really begins from 
this base, "CA3LE CONSTANTS" is a special case requiring 
fixed storage if it is used, something like CMlbOOOO . 


Batch-mode plot cards of Section 1.10, 
ended with a blank card. 


BEGIN NEW DATA CASE 


/“-s 


CDC CDC CDC CDC CDC CDC CDC CDC CDC CDC 


0 .5b IBM 


SMTP Setup 


(as used at 


N a v 


York City) 


_ , f1 *nus EMTP versions for IBM (”M21. ,S and earlier) were set 
‘ r f d and' distributed by General Public Utilities in Reading 
: e ?v-nia. But then in March of 1979 there was the Three Mile 
nuclear accident, and the service had to be dropped as an 
. L., *a 3 $ure. That was Roger LeVescue ano his cox .leagues. 


We 11 the American Electric Power (AEP) Service Corporation 


with the 
has agreed 


to 


level 


• „ „nmf> to the rescue. In addition to continuing 

attribution of those "M21." GPU materials, AEP 

h setup and distribution of a new IBM EMTP version during 
til t-mmer of 1980. Yet it is now (March, 1930) too early to 
nrnvide^any details as to format, assumptions, procedures, etc- 
However, the individual who will be responsible at the working 
<L r these decisions can be indicated: 
i0r tne Mr. Michael Price, Room 19??, 

Computer Applications Division 
American Electric Power 5k.*rvice Corp. 

Two Broadway 

.New York, Kew York 10004 
U.s.A. Telephone: (212) 4*40-9359 


uviiif* not in anv wav to be interpreted as an AEP committment, 



overlayed (just as the "M21." version of -GPU was). As wit 
GPU "M2i materials now being distributed, there will be 


As with the 
no 

charge for domestically-based parties who send them s tape without 
any financial or bureaucratic (e.g., Customs) encumberment. As 
for overseas parties who have no friends in tne USA, some sort of 
arrangement will be made, though this is still being discussed. 

It makes no economic sense to mail a reel of tape from overseas, 
so 1200-foot reels will be purchased here, and tnis cost and that 
for postage will be charged to the individual wanting the program. 
But just who might''provide this service is not yet known (do not 
assume that it will be W. Scott Meyer, just because he did it two 
years ago!) . * 




y 

C 


On 7 May 19?,0, Mike Price telephoned 
restriction. Due to their remote operati 
in Ohio) and standardized tape-handling pr 
AEP must insist on a labeled tape. Any t 
conjunction with a request, for EMTP maters 
with a standard IBM label, 9-track, 1600-6 
labeled, the standard AEP tape-copy proced 
tape will be returned to its owner without 
recorded on it. So, IBM parties, observe 


indicate an important 
or. (computers are located 
ocedupes. Mike says that 
ape mailed to him in 
sis must be initialized 
PI. If they are not so 
uro will short, and the 
any materials having been 
this restriction! 


AMERICAN ELECTRIC FCWER Service Corporation 



2 L'rorcty'W .Yw York, X V. ! f } C } U / 
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Ontario hydro;! 
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0.5c Univac EMTP Setup (as used at Ontario Hvdro in Toronto. 
Ontario, Canada 


A job submitted for batch processing on our Univac 1110 would 
start with a 'RUN 1 card which contains job priority, user 
identification * account identification r project number f max 
time^ max pages* This card is installation dependent, and will 
not be described in detail here. 

The user is reminded, though, that if a plot is attempted, the 
program will automatically assign a magnetic tape on which to 
store the plot information. One must not, under this cir¬ 
cumstance, be caught using a priority which will not permit 
tape assignments. 


If the user intends to punch cards, remember that the default 
max card limit is 100.^ If more cards are*expected, then a 
larger max card limit is supplied as a / addition to the MAX 
PAGE field. 

LMTP execution on Univac within existing fixed program 
dimensions ____ 

If the user’s data is expected to fit the normal program size, 
execution of the program requires only the following control 
. earns: 

1. (DRUN described above. 

2. @ASG,A U~RHB*LIBS. This card assigns a catalogued file 
containing the program’s absolute element. 

3. @XQT U-RHB*LIBS.TRANSIENTS This card starts execution 

of the program, and is followed by the data cards described 
elsewhere. 

4. @FIN This card terminates program execution. 

?hg. saving and/or recovery of. old plot-data-point files 

Our particular machine software permits permanent cataloguing 
of files. If the ICAT key is set to 1 or 2 (see l.Oh 
Miscellaneous Data Parameter Cards), the program will auto¬ 
matically catalogue a file using PROJECT-ID information on ^the 
Run card as QUALIFIER, with a file NAME consisting of 12 
numbers indicating the date and time of the start of the 
particular study. This date and time appears on the printed 
output associated with each study. 

xf^a subsequent study is started in the same run, the original 
file will be freed (detached from the run) to prevent over¬ 
writing of the data. A new file will be assigned, temporary 
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or catalogued, dependent on th ICAT key of this study 

If a *REPLOT' is requested (see l.Od - Calcomp Plotting of 
Previously-solved Cases), the catalogued file containing the 
data will be automatically assigned providing the correct file 
name is supplied on the REPLOT request card. Contrary to the 
CDC instructions, the file name must be left justified in the 
field, and-will usually be of the form QUALIFIER* MMDDYYHHMMSS. 
where the QUALIFIER is the account field of the Run Card used 
to produce the file in the first place. Note that no '/' or 
», • is contained in the MMDDYYHHMMSS list since on Univac 
these symbols have special meanings, and would not be 
acceptable. The field for the file name on the REPLOT card 
is increased from 20 to 45 to permit any Univac acceptable 
file identifications, ie, it runs from column 11 to column 55. 

If a subsequent study is started in the same run, this file 
will be freed (detached from the run) to prevent overwriting 
of the data. 

The procedure described above is an invitation to leave great 
numbers of catalogued files clogging the system and running up 
storage charges. Our particular system has no automatic purge 
procedure. One technique developed to control catalogued files 
consists of always cataloguing them under a particular project 
and account number associated with an individual._ All files 
thus catalogued by an individual can then be readily determined 
and controlled. To use this procedure, if one wished to keep 
the calculated data for future replotting, one would catalogue 
a file in a separate run, and then in the job runstream insert 
cards such as 

§ASG,AX QUALIFIER*FILENAME • 

OUSE 4.,QUAWFIER*FILENAME. 

Note that the ICAT Key must be carefully left zero, or it will 
trigger the other alternative, freeing this file and cataloguing 
anotha*r file. Also, remember that unit 4 is overwritten by each 
consecutive study. Consequently, only the data from the last 
study of a run would be preserved. 

EMTP execution on Univac with user-requested program 
re-dimensioning _ ' _ 

When the fixed-size program version available on file 
U-RHB*LIBS. has proven to be too small for the user’s problem, 
it is readily possible to change the size by execution of a 
program called VARDIM. It is necessary to determine the- tape ' 
number on which the program is stored from program maintenance, 
presently R.H. Brierly, phone 592-4723. The runstream would 
then be as follows: 


' \ 




1. @RUN as described above. 


UNIVAC UNIVAC UNIVAC UNIVAC UNIVAC 


X-CE 
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2, @ASG,VT PRQG,U9V,NNNNN where NfJNNN is the tape number 
obtained from program maintenance. 


3. @A5G,UP hpF///BQ0 Assign a fasten file named */v. r . This 
particular name is a fixed requirement. Catalogue the 
file on the assumption that the new-si zed program will be 
used more than once. Local requirements for cataloguing 
files may require modification of this procedure, 

4. @MOVE PROG,,1 Move the tape past the first file which 
contains the absolute element the same as that available 
in file U-rhb*LIBS. 

5. fiCOPIH PROG.,TPP8, Read into the user’s program file a special 
compiler, necessary because of the large number of common, arrays 
used in the program. This special compiler may or may not be 
necessary for the compilation of the subroutines produced by 
’'VARDIM", but it win moot certainly be necessary for modification 
of many of the more complicated subroutines contained in the 
program. Use of the compiler is obtained by cards of the type 

"®.FOR,OS A,0VBR1Z,A.0VER12” 

6. 0COPIN PROG.,A. Read absolute element VARDIM plus all 
Symbolic and relocatable elements of the main program 
into file A. * 

7* JXQT A,VARDIM This card, along with the three following 
data cards r writes a few small subroutines# complete with 
control cards, on a temporary file logical unit 2. 

8 * 

10, ^ ee User-Controlled Variable Dimensioning of the EMTP 


11. @ADD 2, This card adds the runstream written on logical 

\ to onstream, resulting in the compilation of 

the aforementioned few small subroutines. 


12. 0PACK A. Prepare file A. for mapping 

13. @PREP A. - 


14. @MAP,N A. TRANSIENTS/MAP, A, TRANSIENTS 

This card produces a map (absolute element) on file A. 
with the N option giving minimum printout. 

15. @XQT A.TRANSIENTS Starts program execution. 


Individual at Ontario Hydro who is most directly involved with 
support of the EMTP; 

Mr. Russell If. Bricrley 
Ontario Hydro 
HCO University Avenue 
Toronto, Ontario 
CANADA MSf, iXf, 

Phone: (41b) s<.) 4 /. 


UNIVAC UN I VAC UNiVAC UNIVAC 


X-G3 


As indicated on the last page, Russ SriePley remains the 
principal Univac SMTP contactfej and he is the appropriate 
individual fed ask for if telephoning. But if he is unavailable, 
the caller should be aware that Vladimir < £>r, Vladimir Brandwajn), 
is also on the same extension. As both ©ri experienced EM TP user 
and also the incomparable authority on EH TP synchronous machine 
(S.M.) modeling, Vladimir oan al3o be trusted with any question 
related to Univao EMTP usage or acquisition, Finally, if 
neither Vladimir nor Russ are available, arid If the caller's 
question really concerns Univac software as opposed to engineering 
use of the EMTP, then Ray Boale (spelling*?) is the man to talk 
to. Ray is also located on the 8th floor* I believe (also in 
Analytical Planning?), though I do not hav e Ms phone number 
immediately available. 

The preceding Univao EMTP information dates back to 
the spring of 1930, while Russ was still working on the 
version which was handed over to Vladimir just after 
Christmas (he was vacationing on the West Coast) . The old 
compiler was used, and dimensioning was restricted so that the 
natural system limit of 65K decimal words was not exceeded, 
ALPHANUMERIC variables of the UTPF were translated to INTEGER 
type in this old scheme, for storage of A 6 names. 

But with the "M2?.” version, which was used in Madison 
at the short course during ,June of 1980, Russ had a problem. 
Primarily due to addition of the universal machine (U.M.) 
modeling of Section 1.63* it was felt that the 65K limit 
could no longer be lived within for Ontario Hydro studies. On 
the other hand, breaking out of this barrier with the old 
compiler was not ensy. Russ, Vladimir, and t.he Oracle (Ray) 
all struggled with the problem for some tlrne, and calicotiv-ely 
decided that a switch to tho new Univac ASCII compiler (ANSI 
FORTRAN, as we understand it in Portland) was the only 
reasonable solution for the immediate future. This required 
some additional changes, including the us© of REALMS ( 72 *?btt) 
variables for the storage of ALPHANUMERIC variables. Well, 
as of 30 September 1930, Vladimir tells me (by phone) that it 
is this version which will be given out tp others who request 
the Ontario Hydro Univac EMTP package, sinpe this is the only 
working version as of today. So, Univac users, beware of 
the necessity to use the new Univac ASCII compiler, if "M28." 

EMTP FORTRAN is to be compiled. 

In the remaining space, I might proyid© a more complete 
address for Russ and Vladimir, as used on our address labels? 

Mr. Russell H. Briorley 

Dr, Vladimir Brandwajn < 

Special Studies, Location 3D20 

Ontario Hydro 

700 University Avenue 

Toronto, Ontario M5G 1X6 

CANADA 
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•• 0,5d Honeywell.M3%...Se.tu*>..fee vwd.at gj ^n 


POWIR COOPERATIVE 

1717 EAST INTERSTATE AVENUE • BISMARCK, NGflfH DAKOTA 68 BOI * PHONE 701-22^*0441 * TWX 910-6^7*^342 


Cataloging and Recovery of Old Plot-Point Data Files 

The means by which plot data point files are saved (cataloged) and 
recovered (attached) differ slightly on the Honeywell system from the 
procedures used on CDC and outlined in the EMTP manual proper. Thb 
following description applies to the Honeywell implementation of these 
features. 


1. Cataloging. 

Cataloging wtll take" place if t.he miscellaneous data parameter 
- ICAT is set to 1 or 2. A catalog entry will be made in the User 
Master Catalog, immediately upon decoding of ICAT, in the following 
forms 


TPmmddhh.fff 
TP * identifying prefix 

dd *■ day , * . 

hh.fff * current hour and decimal, fraction (in hundreths) 

This method of file naming ensures uniqueness of identification, 
(The naming convention has been altered from the standard EMTP form 
due to d 12-character limitation on file names.) 

4 1 

Since cataloging is performed immediately after decoding 
, ‘ICAT 1 , a new file will exist even if the data case aborts (in . 

which case it may well be an empty or 'null 1 file). The user 
Should keep this In mind so that his permanent-file space usage 
• does not proliferate unnecessarily. . 

. 2. Attaching. 

The "REPLOT" feature requires the internal attach of a previously 
cataloged plot-file. The general rules of th 3 EMTP manual section 
l.Od apply, except that the file name will appear in columns 11-22 
of the "REPLOT" card, and that within this field, embedded blanks, 
and/or separation characters are not allowed, Note also that the 
(in hh.fff) is an essential part of the File name. 



Individual at Baain Electric who is moat directly involv d 
with support of the SMTP* 

Mr, Rob rt J, Newell 
(701) 223-0441 Ext. 211 
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O.Se Data General SMTP Setup <asom^<Say3 

M .. . mm*** i TH W— ' Wtmm ***** *+ ******** ** ,* ******#&* *• 

Oqring the late winter and spring of 1978, translation 
details for Data General (DG) were Worked out in cooperation 
with. INIE of liitna, Peru* Now that &G has announced its 
new 32-bit computer system (the Eclipse MV/8000, according 
to an article in the 5 May 1980 issue of information 
Systems News), we would be keenly interested in testing EMTP 
compatibility with DG . Any potential um who wSUld have 
interest in setting up a current DG EmTp version should 
contact Program Maintenance at '‘PA* 

Since space remains, I might present a further teport 
on oUr DG SMTP considerations, in a letter dated 7 Pete 
1978, Mr* Eduardo Zolefiasi Chacon, the Subdirector of 
Mecnanical and Electrical Engineering for INIE* first, 
mentioned their DG Eclipse 3200 computer. Attached 
documentation included an IEEE paper (No. A 77 809*1, by 
Messrs* daeftnep, Mofariu, and Zoleztl, entitled "Development 
and Application of a Natibnai Electricity Planning Model") 
describing the minicomputer support of various system 
Planning programs. INIE had interest' in supporting the EMTP 
in this same way, subsequent correspondence about details 
of the translator for DG was with Mr* Fernando Chacon, Head 
of the Analytic Studies Office of INIE, Except for the 
possible inability to use R£AL*8 storage for ALPHANUMERIC 
variables of the EMTP, no incompatibilities were spotted? 
and DG installation-dependent EMTP.modules were even 
punched oh cards. But I never received an answer to my 
letter of 23 .May 1978, and the DG translator was never 
written* The work was suspended. I later learned that 
both of the aforementioned INIE employees left to work 
for primvate companies. Today (May, 1980) we have no 
continuing DG contact with INIE. 

That DG S200 computer had 16-bit'addressing limits 
which make its compatibility with the presently-structured 
EMTP restricted to small problems only* The fixed-dimension 
S.M. code would probably have to be dropped, etc. If the 
right contact came along, we might still consider reviving 
the testing for this machine. But as a general rule, we . 
are forgetting about such address-bound machines, and only 
worrying about the new architectures, we are definitely 
interested in benchmarking the MV/8000 ! An. analogy dah 
be made between DG and DEC in this respect, with PEC $ 

PDP-11 series beinq address bound just like the DC S200 * 
Except for that problem, the DEC • VAX-11/780 and the 
PDP-li/70 are software compatible. Yet no EMTP is running 
on an li/70 t : despite tneir frequency of use. My 
feeling is that the same scenario may well occur for • DC , 
that the EMTP may never be used on the older, address- 
pound architectures. 

Even oefore the EMTP is available for DG machines, it 
'appears that ogr interactive CRT Plotting program tPPLOT shall 
oei in a letter from Johannesburg (South. Africa) dated ?i AU9 
1980, we are informed of Plans "to implement the TPPLOr program 
on a Data General NOVA 30 minicomputer with MEGATEK 5000 rstrssn 
grapnics terminal. The NOVA is currently linked to our ,CPG 
Mainframe gn wnich we (ESCOM) are running EMTP*" I apprgvti 
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Program Startup 

Assuming the user has performed the normal LOGIN procedure for his 
installation, execution of EMTP begins by typing in 

EMTP 

at cotmhand level. 

This initiatos a small program which in its turn starts the large 
Segmented transients program. A short delay in program response will be 
experienced by the user during the initial setup. (This is due to the 
segmented loadar paging the program out to disc.) 





. Execution 

The program will request the names of four disc files for input, 
output, punching, and plotting. The input file must, exist in the user's 
UFD, and all four names must be given regardless of the fact they may not 
all be used. If the user does not enter a filename as roquested, but 
instead responds with only a carriage return, the program will use its 
own default names, these being, 


Emtpin 

EMTPOT 

EMTPW1 

, • ' EMTPPL 

respectively. After those file names have been entered, the program will 
begin processing the input data. 

Upon successful execution of FHTP, the user's terminal will bo 
returned to normal .system command level. 


Program Outpu t 

To print the output file, type ^ 

SPOOL output filcnamo (F 

To obtain plots on an electrostatic plotter, type 
SPOOL, plot filename (R 

! 

Individual at who is most directly involved with support 
of the &*5TP; 

Mr, Tom Varilek 

(218) 722-2641 ) ask for him by name 
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; 0.5g Harris .3SMIP Setup .las,used at. Jfoe-gnjjrsEeityJlsconala 

| in j.ladlsoyi, Wisconsin ) 



* -M** 

* <t«W 


UNIVERSITY OF WlSCONSIN-MAOlSON 


DEPARTMENT OF ELECTRICAL 
AND COMPUTER ENGINEERING 

1425 Johnson Drive 
MadiSon, Wisconsin 53706 
Telephone; 605/262*3540 


The translation principles tor Harris were originally 
worKed out In cooperation with Mr. J. D. Hammerly of the 
Seattle (Washington) office of Harris. This was using pre* 

" M 21«" rules, one of the old translators. when proposals 
for the bPh EMTP minicomputer were requested, Harris 
responded with a perfect set of 32 solutions to the standard 
benchmark problems. This same "M21." program version was 
sent to waaison for the 1979 emtp snort course, where in 
dune of that year It was used by the 35 or so students Who 
participated. 

well, in the interim the translator has been updated, 
and in -larch oe I960 an "M26." translation was mailed to 
Madison. Fernando is to attempt a setup in preparation for 
the 1980 EMTP short course. As of April 5, I have heard 
nothing other than that the tape was received. 


Now, in August of 1980, I can add an update. Sang tee 
and Fernando quite successfully set up and maintained an 
*M27. H translation for use during.the short course. In 
general, things worked well, though the virtual address 
space is sorely pressed (Madison has one of those older 
machines with 18-bit addresses). The Harris EMTP was used 
exclusively this year (Univac was not employed at all). 




Individual in Madison who is most directly involved with support' 
of the EJIEPi 

Dr, Fernando Alvarado, Professor 
(60S) 262-8900 ‘ . 

Dr.- Robert H. tassetef, Professor 
(60S) 26.2^0186 
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Energle- xni 

AEG-TELEFUNKEN Energievertsilung 

Theodor-Siern-Kai 1 
D-6000 Frankfurt 70 

AEG-TELEFUNKEN E/E2 • Th;-Stern-Kai 1 • D-6000 FrsnWurt 70 

Tclefon: (C-3:n 600-1 
Telex: 411021 
Telegramm: elektronzwei 


As ot the date of writing of this section (April, 1980), it 
is difficult to say whether AEG-Telefunken will have interest in 
settxng up and checking out a new emtp version this coning summer. 
But^they certainly nave the competence, as documented on page 
dIOG-15 of tne Vol, x EMTP memo dated 8 March 1980 (Ref. 8). 

I reproduce that description here: 


Duriny the spring and summer of 1977, SMTP compatibility problems 
of the Telefunken TR 440 computer system were worked on with the aid 
of AEG-TELEFUNKEN of Frankfurt, west Germany. See Vol. IX, 15 July 
1979, page ViGE-9, Point 11, Tne culmination ot work here in Portland 
was a current .translation (believed to be* "Ki9,'‘ ) on 11 August 1977, 
as documented in my letter'cf 18 August 1977 to Dr. Dieter Neiles and 
Mr, b Partner. 


well, after such a passage of tire, we were most surprised and 
pleased to receive a letter from Frankfurt on 2 April 1980 (letter 
bears date 27.2,u0), The key passage reads as follows: 

"Some weeks age Mr. Hartner reactivated his K'Tr’-knowledges 
and went on to install tne program in our system. He nad 
some problem: to fine a suitable overlay structure because 
our system linkage editor obviously is not very familiar 
with programs of such, volume. After some minor system/ 
compiler dependent alterations which could net oe foreseen 
in 1977, tne first acceptable test, results couic be run,- ■ 

«e have checked now about 7 0 EMI? test a«»ta cases and 
founu differences only in u‘T?F lest Case Nc. 17 ," 

By way of explanation, tne TR 440 is a virtual machine, and in a 
letter dates 3 February 1977 , I recommenced that we ignore the 
possibility of overlaying for the first try ("Leper, after a year or 
so ot experience, you could always and overlaying to the ~/T 
program, s h c u 1 u you pel i eve it t c o «. i ;• ..-j fc 1 e . «j t trap tine,"), ? c 
the fact tnat ove v laying hac to oe agg■?c . c . p o real .surpr ** se , *“ or any 
particular n«n gi cac . The Harris virtual oper11nc rys t c r Vulcan & 1 s n 
requires overlaying to handle tre EM I? in M-joisr-n’;toobig, otherwise), 
and overlaying still seems to oe racemm.er.etc oy ;<*v 1 h users (sag 
utove Seemapeer's, nP?d ox par ione■. or. r,ag ■? l ss c*7 of cn c vol. i a emTF 
memo cated 10 gun? 1979).’ Do, no rrrolev. here, *:t rounds ii'<e~th.e ■ 
TR 440 translation nas been generally verifies, without any help from 
u$ nor© in Portionc*. * i j u z, t o 6r; \ tc t*- s z i vo & i-cop 1 i^ ^ j i* r* t * i f cc j 1 o *jay ; 
on* whicn. ^y • ^‘jr s i xcr cur* ci f ^ i ^^ o*- 4 ***t* * ***r*^ io^r ■ /**^n*c *' * **■ 4 "• * f y 
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fn$ politic* ot computer acquisition involve s cmt intrigut* 
and not all parties wrnt all coheldeFafcions subject to open 
scrutiny by the general public# So It 11 with ^h'e, mystery party 
which helped develop « translator tor h^p j,0Q0*©«riti machine** 

successful execution con »iot pe l‘eport«o# si-hdl 014* to 
reasons wnicn can not be explained here# satup of the program 
was never seriously pursued, ' there is no Known reason yny this 
discontinued project could hot be reactivated# however# is 
interest appears once again. 

J might comment that other H-P minicomputer* are hot 
satisiactory replacements tor the topowserie* when it .cone# 
t© support of thefchfP* Kememper# the lOOOwaepief na* that 
mueh*aavertise<a capability ot eddreiiirt.g two megabytes ot -MQi 
memory# directly* t«gt so for other h^p machine*. ii*e the 
3000*Series* according to our information* 

i might ais.o mention , that there were compromises and . 
restrictions made# in developing the m-*p translator, first# 
all supporting programs Ce*g»# '*L1N& CONSTANT'S" D were dropped# 
due to problems with overlaying* Second# fixeg~dimen*i©hihg 
was required, clue to restriction of that voluminous memory t© 
a single COMMON blocK. Put. these were all# and are not *0 
severe as to compromise the project# 

For the record# -wap translation procedures- were developed 
during the summer of 1979# with'tne culmination being an "M2S, 
translation oh September I5tn# as documented in a letter 
mine dated. 20-September 1979 • This is current# then# If 
d lQOQ*Seri«s owner wants to try again next summer# contact 
Program maintenance at UPA. it is'in no one's best interest 
tot a Project'UK® tnis to so remain incomplete, 

A continuation of this story can now be .written. during . 
August 0* 1980* Hp, nick Apisamra of vi«stingh®U*e in East 
Pittsburgh expressed interest in shifting the EM1P. from.tnelr 
CDC^OOO to their lOOO-seri*s machine. More• importantly# h® 
was wining to perform the required testing '(oi a hew "M27,'’ 
version which we generated for him')# well# as documented in 
a letter of mine dated August 4th# a couple of serious# even 
possibly, fatal, complications were discovered, Unless, tne.s.-t 
Can bd resolved# use of iooo*Series machines for Support of 
the EMfp appears -to b;e quite Improbable, The ideal Portland 
office of H»P was sent a copy of the letter* t© see if they , 
had any suggestions for ameliorative action# very summarilys 

1, vie need more compiler space# to circumvent '’•disaster* 
level" error* associated with table overflow. ' 

' 2, The passing of SMTP vectors as arguments of. subroutine 
cans is questionable# sinde $EMA- storage is ueed. 

Any readers of this page who have ideas ar.e encouraged to 
contact us. The 1000-Series would provide most;attractive. 
economics# if these technical difficulties can be s©i' vft d»- 







% 

•fj 


*f 


fi 

«< 

1 



v! # 


0.5j DEC VAX EMTP Setup (as used at BPA in Portland ) 

A. Background of BPA VAX EMTP 

The VAX-1 1/780 is a fully-virtual 32-bit pater 

of the Digital Equipment Corporation (Digital; DEC}. The 
operating system is known as VAX/VMS . At BPA all EMTP 
work was shifted from our CDC computers to a dedicated VAX in 
February of 1979 (see Ref, 8, Vol. VIII, 19 November 1978, 
pagination ABBO). Only manufacturer-documented, standard 
modifications to VAX/VMS (to increase virtual address space 
above the standard four magabyte limit) and to the FORTRAN 
compiler (to allow 300 or so separate labeled COMMON blocks) 
are in.force as of April, 1980, so any other VAX owner should 
have little difficulty implementing and using the package. 
Parties interested.in acquiring the VAX EMTP materials 
should direct an inquiry to Drs. W. Scott Meyer and Tsu-huei 
Liu at the address shown on the front cover. 

The interactive plotting program of Section 5.0A is 
available for VAX users who also have a Tektronix CRT 
terminal and PL0T10 software. Note carefully that PIOTIO 
is proprietary with Tektronix, that a user can run the VAX 
interactive plotting program in the vector-graphic mode 
without alteration only if he has purchased the PL0T10 
package from Tektronix. Instructions for the use of 
interactive plotting will be found in Ref. 8, Vol. IX, 

11 May 1979, pagination PIEP. 

A similar statement applies to CalComp or simulated- 
CalComp output of either the EMTP or the interactive 
plotting program. Only if the user has purchased a CalComp 
or CalComp-like plotting capability (BPA uses an 11-inch 
Versatek printer/plotter) can CalComp plotting be utilized. 

Although not in place as of March, 1980, the DEC 
software for network communication, among two or more VAX 
computers has been ordered. This is DECnet, which will 
provide us with direct, high-level telephone communication 
with other VAX installations. This should prove very handy 
for the exchange of small files among VAX EMTP users in 
North America. 



B. Content of Standard VAX EMTP Tape 

Requests for the VAX EMTP should be mailed to 
Program Maintenance at BPA, and should be accompanied by 
a.reel of magnetic tape. For the full package (including the , 
files of Section E) , a full 2400 feet of tape are required as 
of April, 1980. Just EMTPNEW.EXE , interactive plotting, 
and TPEDIT can be put on very little tape (?00 or 300 feet); 
if just this partial package is desired, please send a small 
ree l of tape (for ease of mailing). Well, once we have the 
Aj) tape in hand, disk files are then copied onto the user’s 
' w ' tape using the BPA DEC TE16 tape drive. The formal shall 
be 9-track, 1600-3?! (800 could be arranged if needed, by 
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special request), labeled with "EMTP” ($ INXT EMTP) , and 
created using VAX/VMS $COPY commands. The following 
files will always be sent, and should be of interest to the 
average user. This is a basic minimum set: 

[UT3EMTPNEW.EXE;1 -- The executable image of the 

current production version of 
the EMTP. Dimensioning is 
enormous ( /LABEL/ size is 
ov?r 3/4 MB). Do not try to 
use CalComp EMTP plotting. 

[TSU3NEWMODS.OBJ;1 — Compiled output of the • 

variable-dimensioning program 
VARDIM. Dimensions 
correspond to those of 
EMTPNEW.EXE . 

[TSU3VARDIM * EXE;1 — Executable image of the 

variable-dimensioning 
program. 

Interactive CRT plotting 
program. The first file 
is referenced by INCLUDE 
usage of TPPLOT.FOR . A user 
having a Tektronix vector- 
graphic terminal must compile 
and link this FORTRAN with his 
own Tektronix PL0T10 package. 

Overlay object files of the EMTP. 
When linked together with NEWMODS 
arid the user's CalComp plotting 
modules, a CalComp-plotable, 
executable EMTP image results. 

In linking, NEWMODS must be first. 

Interactive editing program that 
Was designed especially for EMTP •• 
output files. Great for saving 
paperJ See Ref. 8, Vol. X, 

13 January 1980 „ pagination' 

TEFE. 

It is possible that many hundreds of additional files 
shall also be on the VAX EMTP tape. Notice that the above 
listing makes no mention of standard test cases, or of the 
EMTP FORTRAN. But because such files -need not concern the 
average VAX EMTP user, further consideration has been 
postponed until Section E. 


[UTPF30VM1.OBJ;1 
[UTPFIOVO.OBJ;1 
CUTPF10V1.OBJ;1 

: Etc. 

[UTPF30V55.QBJ;1 


[SCQTT3TPEDIT.* 


[SC0TT3TPPL0TK0M.F0R — 
[SC0TT3TPPLOT.* 
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C. Common- Usage of VAX EMTP Materials 

Basic execution procedures 

EMTP execution is normally done on the VAX vin n 
command procedure file such ns COKMTP.COM which t allows 
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X-J2- 

$ ASSIGN EMTPDATA.DAT FOR005 • 

$ ASSIGN PRINTOUT.LIS FOR006 
$ SET WORKiNG/LIMIT=350 

$ run/nodebug cut3emtpnew.exe;1 

I1< i? h$r® assumed that the data case (or cases) to be 
solved has.been stored on dis!: as a file named EMTPDATA . 

gfTP printout goes on disk, too, as a file named 
PRINTOUT . ■ Should a printed copy of the output file be 
wanted, the command $ PRINT/DELETE PRINTOUT will do the 
job (and destroy the file when completed), Alternatively, 
the user may be operating remotely through a.terminal, and 
he may want to take a look at the output file using the VAX 
interactive text editor SOS, before any final disposition 
is to be made. In this Case, $ EDIT PRINTOUT.LIS is 
all that it takes. There also is a special EMTP output- 
file editor TPEDIT (described in Ref. 8, Vol. X, 13 Jan 
1980, pagination TEFE), which is handy for serious product- 
ibrt users. All of these options for handling the output 
file are possible because of the ASSICNment of a disk file 
to FOR006 . 


There still is the ohoice between the interactive and 
batch modes of execution: 




a) The command $@G0EMTP will result in interactive 
execution. Often, the $ ASSIGN PRINTOUT.LIS 
command would be omitted in this case, so that 
output would be written to the terminal as it is 

• generated. This mode is very useful, provided 

the volume of output is not excessive, and provided 
the terminal is dr-iven at sufficient speed (all 
in-house BPA CRT terminals run at 9600 baud). But 
such usage can be quite unsatisfactory for slow 
typewriter terminals (e.g., our own 30 character 
per second DECwriter console). If a CRT is used,- 
then no permanent copy of the EMTP output is 
preserved, unfortunately (once it rolls off the 
top of the screen of a dumb, terminal, it,is gone 
forever) , A final disadvantage is that the 
terminal is-tied up during the interactive * 
execution. 

b) The command $ SUBMIT GOEMTP will result in 
the queueing of the command procedure for 
batch-mode solution. This is the basic form of 
the command,with variations possible based on 
local decisions as to priorities, resources, etc. 
VA-X/VMS will respond with some acknowledgement 
like "Job 287 entered on queue SYS$BATCH" . 

At this point the. terminal is free, and the 
job Is out of the- user's hands: Most production 
EMTP studies (Al Legate and .Bob Hasib-ar) are so 
executed, A file should always be assigned to 
unit 6 in this case (otherwise, outDut goes to 
the default file FOR006.DAT ). 
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Such discussion of DCL (Digital Command Language) usage 
could go on and on, of course. Very powerful and flexible 
things are possible, though they are beyond the scope of 
the present discussion. The voluminous "VAX-11 USER? 

Student Guide; Student Workbook" produced by DEC is an 
excellent motivator for the innovative use of the system. 

Less tutorial, but also good, is the DEC "VAX/VMS Command 
Language User’s Guide," Most basic of all, and the simplest 
to read, is the DEC "VAX/VMS Primer." All of this material 
is available through DEC, and no<* BPA. 

Because production versions are compiled and linked with 
the interactive debugger on, the "/NODEBUG" qualifier is 
required on the execution request, to bypass such usage. But 
if this very powerful diagnostic tool is wanted,- consult 
the DEC "VAX-11 Symbolic Debugger Reference Manual". 

The only special EMTP caution is that execution of the . < 

debugger begin with CANCEL MODULE MAIN10 ; this gains % 

extra working space, if a big module is to be investigated. * 

/ 

Plotting of VAX EMTP solutions _ _ 

Plotting with the VAX EMTP is easy. The "PRINTER 
PLOT" feature of course always works, and shall not.be 
mentioned further. Quality EMTP plotting (so-called 

CalComp plotting) requires that the user link the EMTP along t 

with his CalComp plotting modules LINE, GRID, SYMBOL, etc. 

. Interactive plotting TPPLOT will produce line-printer type. ' 

plots for anyone, using any terminal. But for vector- , 

graphic plotting on Tektronix terminals, interactive plotting 
must be linked along with the user’s PLOTIO package. 

Saving of the plot file after an EMTP solution is done 
automatically, if miscellaneous data parameter "I.CAT" has 
value one or two. The form of the plot file name that 
results is MDDHHMMSS.PL4 , where "PL4" is simply a 

characteristic file type, and "MDDHHMMSS" are digits pf 
the date and the time. 'The "M" is'a hexadecimal digit for 
w the month (with "A" for October, "B" for November, and 

”C" for December). Files are created in the directory of * ’ 

the user, so can be spotted using $ DIRECTORY *.PL4 . 

As for the "REPLOT" feature of Section 1-.0d, this requires a 
special format (do not try to use that shown) which is as follows: 
"REPLOT, FILE, IPRSUP" . This is free-forraat after the key word 
"REPLOT" (Which must begin in column 1),. so blanks can otherwise be ; 
interspersed at will. The commas (’’,") are the familiar free-format : 
field separators. Field FILE must be a legal VAX file specification 
• (e.g., [TSU3A17234105. PL4 ) of 25 or fewer characters, and IPRSUP ,, 

is an integer constant used for diagnostic printout control. . \ 


Usage of "TABULATE ENERGIZATION RESULTS" 

As for the use. of "TABULATE ENERGIZATION RESULTS" of 
Section 1.0e6- (or alternatively, use of. "STATISTICS OUTPUT 
SALVAGE" of Section 1,0e7),-there are two disk files for 
each "STATISTICS" data case that was solved and saved: 
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ST3L0G???.DAT — file for LUNIT3 * 3 file ; 

? -- N ST9L0G???- DAT-file for LUNIT9 * 9 file . . 

Here "???" are the three decimal digits that are uniquely 
associated with the file (see "JFLSOS" in Section 1.0e7). 
These files are opened without directory specification or 
version number, so must be in the user’s area, and will 
always be the highest version (if more than one having the 
same name exists). In the case c? "TABULATE ENERGIZATION 
RESULTS" usage, there will be confirmation of the connection 

of each disk file in "STATRS" of overlay 29 - one at a 

time, as the attachment is made. These go in pairs, the 
ST3 file following the 5T9 , for each of the previously- 
solved "STATISTICS" cases. The opening and confirmation 
for the file of LUNIT9 are performed as follows: 

OPEN (UNITsI, TYPE*'OLD ?,NAMEsFILN20,FORM=’UNFORMATTED *) 
WRITE (LUNIT6, 1822) FILNAM 
1822 FORMAT ( 20X, 

1 . »- SUCCESSFUL OPEN OF ’LUNIT9 * DATA ON* 

2 ’ DISK. PERMANENT FILE NAME = ', 3H ', 20A1, 

3 3h' . ) 

If there is a job bomboff (system interrupt) before all such 
printouts are 3een,- presumably the file following the last 
one printed could not be found on disk by VAX/VMX . Files 
are taken up in the order of user input, from left to right 
/-x on each data card. As for the creation of such files in 

the first place (the preceding "STATISTICS" simulations), 
file opening is done in "MIDOVi” of overlay 1, without any 
version number. Hence there is no fundamental problem with 
using the same characteristic integer "JFLSOS" more than 
once, 3ince higher versions will simply be created. However, 

.If any other than,the highest version is wanted for 
tabulation, renaming will be necessary (3ince the attaching 
of "STATRS" is done without version number). 



.Allocation of physical memory 


The allocation of physical memory (350 pages in above 
example, via $ SET WORKING) will depend on the size of 
the data case being solved. A figure of 350 pages works 
well for most production BPA cases, avoiding paging in the 
time-step loop. But much larger cases have been solved 
using less memory (see Ref. 8, Vol. IX, 10 June 1979, page 
USEC-9); there simply is substantial paging, and 
execution is slowed. The user can and should experiment 
with this, if memory is not abundant. 


Use of MEM3AV a 1 and "START .AGAIN" Features 

.The integer miscellaneous data parameter MEM3AV (see 
■ Section 1 ,0h) , when set to unity, will result in a dumping 
of EMTP memory onto disk at the conclusion of a simulation. 
The "START AGAIN" request of Section 1.9el5 can then 
subsequently be used to restart such a halted run. But 
there are some VAX-dependent aspects to be considered. 


VAX VAX VAX VAX VAX VAX VAX 




First, there is the "file specification" of the 
’’START AGAIN" card. This will be seen by looking at the 
special line of printout which precedes the extrema: 


- SUCCESSFUL SAVING OF /BLANK/ AND /LABEL/ AS 

DISK FILE "TPTABLES.BIN" , N1 , LTLABL * 1352 225779 


Thus the file name is TPTABLES.BIN , 
directory, and .without version number, 
so saved, a higher version is created. 
LTLABL , these are sizes of /BLANK/ 
respectively, in INTEGERS words. The 


in the user’s 
Each time memory is 
As for N1 and 
and /LABEL/ , 
latter (LTLABL) is 


determined completely by the user’s variable dimensioning, 
while the former (N1) may vary with program version (e.g., 
’^28." and ''M29*” versions may or may not be compatible 
for such usage, even if EMTP list sizes are identical). 


A user of the MEMSAV * 1 option should monitor his 
available disk space closely. First, TPTABLES.BIN is a 
big file, with my test on 04-JUL-80 showing 1832 blocks 
(938 Kbytes) in response to a ^DIRECTORY TPTABLES.BIN 
command. The overhead is thus substantial, if disk is in 
short supply, using our enormously-dimensioned BPA image.' 
This could be drastically decreased if the user cut EMTP 
table sizes, but then one would have to worry about saving 
the corresponding EMTP version, which is an even bigger 
file (J765 blocks for "M27.+"). The best general 
strategy is believed to be use of one enormously-sized 
executable image of the EMTP. 


Treatment Of EMTP free--format using VAX 

EMTP free-format is treated in Section 0.7 . .Note that 
there is mention of possible problems with precision on some 
computer systems, due to roundoff-like error involved with use of 
the FORTRAN "**” operation. VAX was one system with-this 
problem (sometimes only 8 or so digits of significance were 
achieved, though computation is all TMPLICITEly REAL*8). Well, 
the solution was to write .module FRENUM that is called by a 
near—universal FREFLD . Module FRENUM writes the characters 
of the next free-field number on FOR039 , and -then reads them 
back using DEC free-format : READ (39, *) D1 . Hence if 
there is still a precision problem, it is DEC’S fault! 


D. $-CardS for VAX EMTP 

So-called $rcards were introduced in .Section 1.-D, and 
it is assumed that the user has read that .material before 
continuing with what fallows. Concerning format rules, remember 
that the and following request word must be a continuous 

string of characters (with no imbedded blanks). ThereafterEMTP 
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X-dS • 

Section r ™?OgG), US ’we 11 ° tn« n £oiio!!( 4<:i: “ Pt * bl * * n *' h,re Csee 
VAX EATP i - • ' t,,e £ °llo»lng s■•cards are honored by ts. 


?• SATTACH, FILE, 


M 




X 


*/. 


' *>fA'jl'V '' 


Tri i, 5 command s 0 x* v 0 s to ^ *» 4 m *_ ,. - 

(any legal VAX. file specification^! • having name file 

characters) to emtp jf/o • u „ lt nu °f. 2 0 t M mo f e tn ? n 2b nonblank 
Ihe EMTP data card lnteroetati 1 °?!!!! M . integer constant), 

ind » ! r?; ot FiL? ' 

Simply connect ?£e "lie to^a?", r£f EMTP «« 

lowest unit number Ce a • «J \° f f* e ch * nne l which has tne 

Whatever Was cSnnectld ' L ,L ‘ J ree ' - Xt “ U fe'usedj. 
connection-is tlilV ?2i52..5'c«.S£S n SSir.?i*??*° r * ne ” ' 

sample usage; "sattach;’[tSujn2d96.dat}I , «• 

2. sp ( JK ’CHp M 

of EM^P f erves to copy the 80 - 

of EMTP i/o unit number m Can iht® 

Tfte oni ^ Problem is that'I have 
? C ? rc ? punchl VAX FORTRAN "does 
command ‘punch" , either," Cards ar 
in tn . iE business, anyway. s6, 

I simply copy tne care images to unit 
interpretation involves tne printing of 

COPY ir 1L & ff 4 TO ° ? J N C 4 

The contents- Of %d M 
copy operation; the unit 7 file < £ n 
Sample usage- « "SPUNCH, ‘ ' 

3, $OUTPUT, M 


column card image contents 
ger constant) to the card 
yet to find a vax owner 
not honor the'CDC output 
e going the way of the 
doing the best i could, 

7 (FOR007), Data card 

«'!" * ' • ‘ 

II 

nd before and after the 
ot, of course," 


< 

> 

x 


< 

> 

X 


< 

> 


* > 


• .This command to coov w n««*•» ^ * 

contents ot ' emtp i/b unit nump”r ' «*«-*«•«• 

to tne Une printer (the POS 006 conne^tioAj "if 96 ? C ?J s JJ nt ’ 
blank, a vai<i* ow n , „ , '.vimeaum,;, lx h is aero or 

Interpretatib* -*t aESU, ' ,ed (tne card-punch file), 'emtp 

C? ?S tBe * « 

copy. h As W fS^?nJ line n ^rir,”. r ? J*,J*jJSSJoe' <0 n - tter tn ® 

ceginning-i.^col^rio identification, • 

"record nri , i rTuTn •• 

The is field is "tor the reco7^-T7iai , c Av. fl ^ , 

"1" to the left of tnr- mr* <l° r 1 ir etc,), while the 

margin of tha^ IrtL tl\ *1 Serves t0 identity the left' 

• ut is a column-aero marking); 

Sample usage; ”$output, - - y 

4. SSAVE, FILE, «, ,\> 



"SAVED 


_ana . . 

>aT~i unit = 


,* J | 


< 

> 

X 


< 

> 

x 


< 

> 

V 





The contents o t unit N a^e rewound fcefore and after the copy 
operation, and tne newiy^created file is disconnected from unit 
m (CLOSE command) after it has been completed, 

‘ it u is'zero or blank,'it is assumed that She user wants 
fci save a copy of the unit 7 (FORDO?) punch file* BUS do not 
t q r g «i the comma preceding n * ever. If H is zero or blank, 
tne EiHTP win simply use that free I/O channel which ha* the 
lowest number tor creation of the new disk file* 

sample usages "S3AVE, ISCOTT 3 NSwFXLE.DAT, V* ** 


5. $ INCLUDE, FIbS , H 


This command serves to insert the data of disk file FILE 
Cany legal VAX file specification having hot more than 25 non* 
blank characters) into the SHIP data-input s.tream at’this point, 
puhcLionaiiy, this corresponds to' the INCLUDE function of VAX 
FORTRAN# though here we'are concerned with EHTP data rather than 
computer code. An extra' I/O channel number N * (an integer 
constant) is required for temporarily connecting FiLE to the 
EiHTP* ’ Records 'are read until an" end-of*file is encountered, at 
which point input reverts to the original' input unit. Such 
usage can not be nested (the contents of FILE must not contain 
s-INCLUDE usage themselves; one is not allowed to nave an 
INCLUDE insioe an INCLUDE) « The data card interpretation 
involves tne printing 'of FILE and' m s 

"INPUT FILES QSSl1 UNIX * _ 

It m '.is zero' or blank fbut remember not to. omit the 
prvcudir.q comma separator), the Emtp will simply use that fre 
X/u channel whlcn has the lowest number tor connecting the 
tile in'question, 

Sample usages ! "SINCLUDE, (8083 HEAVY,DAT;37 , 9* 




£ • 


SDISaOLE 


This command marks the beginning of 
of a block of data cards; it "disables" 
cards. There are'no"parameters, and the 
be implemented' on any'coraputer system),' 
cats card will be: ’. 

"BEGIN DATA TO BE IGNORED." 
This implicit commenting. then remains In 
ended by a following SENABLE card (see 


the implicit commenting 
the following EMTP data 
card is universal lean' 
Interpretation* ofthis 


effect until if is 
Number 7}* 


7, SENABLE 

This command marks the ending of the implicit commenting of 
a block of data cards; it cancels the action of a preceding 
$ disable card', there are no parameters, and the card is 
universal (can be implemented on any computer system), 
interpretation of this data card will oe: 

"END OF DATA TO BE IGNORED," 



TURN, M 


In 


that 


integ ic 

ft t A U L I . I 


command, serves to disconnect (CLOSE) the data file 
connected to EKT.P I/Q channel number H ' (an 
constant). Data card interpretation involves*tne 


iii 


\’t r < m • 

,/ VrJ 0>J * 


FILE 


ON UNIT 




*-<j7 


pLcedi™ r”*«» r not to »l t th« 

«*?• ^ ? n; 2 ssi LUNI?4 * 4 


file, h 


«« in«B 9 r°eS a «ni fb^US'oL 2 ?” J'° ««•"»« numb,, K 

*f gai VAX file specificationhavt?« o * 1 * u * FILE (any 

charactersmis U in 2?2 D 2?lJ?!» a 2 ° r * #wef nonbi^nic ' ’* * 

aata to subsequently oe written*to ?ne°fi V T v?* e ?H r?t ® d ' WOSMAmi 
1 ’ *. A * c ®* suers file-fining is cemS?*f» r * JL the 1/0 ‘ 

wo disconnect the newly-created fi i„ P * * Cr -'RETURN can be used 
card interpretation inv'oivlfthe^ mflnS of M • *«• 

"NfiWFjfc FILES i-2 !aT-~~ 1 „Jr2 9 an<1 « * ** ' 

Xf m is zero'or biSnPvfirrr*^ Xf * ti£l" ’ 

Diot r ^? r) ' M ~ 4 i s assumed Ccorresoondin^f prece<lln ^ comma 
Plot data points), * ^corresponding to the fixe of raw 

to the*n'lels^ofl^d 50 T° a TJ T r EP £iles ' ««4-i MW copies 

formatted usage is dsSiJed wJ < . 2 « c !II*! P0Mln « ** c ?^ 'for P 

Program Maintenance at UPA) Pre%(*h+ *h? tZ * as iiX chough (call 
probably bo just for the oi^ ff? 5ont th ^hKing is that usage will 

unformatted writes? 1 52?o?JS2 Jitt' *? ictl doss Evolve oniy ‘ 

declare beforehand his choice * between"*^ 7 * 5 Screes the user to 
thore^is the unformatted restriction tWo aod ®*» * ft ich i* why 

sample usaoe; "SwEWFtrp 

- - CALI PLOTFILE,PL'i # 0" 


centre 
overli 
' overly 
in the 
value' 
data e 

univor 

data c 


1 ^2H££i ipftaop 

command serves- to ^ r!nfu . ^ . 

Cl parameter IPHSup 1 (an m-eLJ r« dl f 0no * tic prJLnt °«t 

where the data cara'iS J2i22 ** J! nst ? nt ? the 

13 entered, ‘ the' effei?* is » 2 *r e * d i h « flUt * ften * new EMTP * 

a ;, u ? « n ’be implemented "on any computer Jr*!™ is unive r$ai 
os IP8SITP. , see ? Lcomputer system, as for the 

card (which carries the sarat'oap- *(?* integer miscellaneous 

comments' of’ I2 C t?2n i Read also the 

card involves the printout'of 'iphIhZ***™^ 10 *' ot ttiis 
. "NEW IP«5UP a fx?7 ,, iPRSUP 

Sample usdQe: "SDlluiNOS-xiC# 9 fl 


n. $DELETE, FILE, M 


FILE 

blank 

chann 

Data 


This 
(an 
: cha 
»ei t 
card 


separ 

has r 


ator 

he l 
Samp 


5 command se 
legal vax 
iracters), ' 
-o‘temporari 
s interpreta 
“delete fi; 

M is Zep'ji < 
3, the EJafp 
owest num^ei 
Is usage; 




««!«!. _ tm 


ition Involves tne oct}SS# 

,cmo Sni?^ i Hj\ ; f >x ^ £ ? nd * ? 

°will ? simpiy"use trat f # rQet Preceding comma 
r . * fflpiy U5e tnat £ r«« M channel wmen 

"SDELETS, ISOSJByESYE.Bn;;*^ 0" 


instant r s r,e C qata%^-d' T J! C^jr sutRwt at the 


VAX VAX VAX VAX VAX 



x~«j£ 

It has meaning and practical use if f&e output 111# ©f FORQOft 
(unit LUNiTft * t) is assigned to a disk file. Then, in thft 
absence of a smonitoR carp, there would'P# no terminal output, 
as execution proceeds' (until the Siop ' of reaenea, 

When "FORTRAN -STOP" is written tw'ift* termiMl fry’ VAX/VM$|. ' 
using sMOnitqr , the user edn be periodically reassured if th*' 
progress of data input,. * ' . 

When the sHQNItur card is reap py the fcMTP* the pari image 
win show up "in the’output’ file of ^QRQO.i, but Without |hy «#»$** 
1-50 interpretation. The same card iftati is written'to tftft 
terminal, and win there be*interpreted with Printout which 
includes the data'card numee'r numdCO '* *'•_ * ’ 

"CRT'mONITqr, CARP NUM&ER »" tl?! •* - 

Here numdCd" Is simply a'dvMfiuidtiV* count of the number of input 
records, which'provides fend' Use* iwith a'measure of peftiHdhing;' 

If on the other nand 'unit'6 is not assigned ftp a disk f ile> then 
two card images will be seen to the tight of eeiy/nm With phjy 
the second one being so interpreted (the first Wiii ; hive $piu4rii 
i-50 plank). As for what happens'm'the case.. Of Paten-mode 
solution, i nave yet tp’try'it, in any case, Print u uied. 

The parameter' text is'arbitrary, and can bi'Puftened with 
whatever identifying information the'USef wahfcs, Since ; tft§NlT0fii 
requires nine columns, ?i remain for TEXT '(which is'not adttidiiy 
processed by'the EMtP),. * ' '* \ « T. . 

sample usage: ''smqnITDR* End qf emtP branch data." 


13, SPISTOFF . 


This command serves to turn off the interpreted listing of 
input data cards, beginning with the cafq'which immediately 
follows. This s-card is universal i.rs that'it can‘be’' 
implemented on any computer system;' it is’nullified by'a 
subsequent appearance of ’SLiSTQn ^sfe'e Number 14 beioW)'. 
interpretation involves printout of the cumulative data'card 
number NtjMDCB i ‘ ' * ' ' ‘ 


"TORN'OFF INPUT LISTING' AT CARP QT 


e? (particularly 


• Common usage of this feature is io/Save" «r~r^» 
for Users of slow peripherals, like 300-feaud typewriters) : 
the data-input'phases'of the program*’' But the user'should p# 7 
aware, that more that just the date-card'listing cam fee-to shut* 
off. in fact, ail production printout c'inciudind tne data*. . 
card listing),is affected,. This is because the' printout'cdn'trol 
variable noutpR wnicn was originally added to*' s-uppfiisi ail' 
output during a modify' DE.utAt restart, is used fey ' lUftTQpr f 
Hence do not leave sCisTCFp" in effect beyond the iait"si 
efrd, if suen'additional suppression “is fo 'be fVoidteS.. : 


14, SPISTON 

This command serves to cancel a preceding stdSTOFF .y*<u*.ft 
(see Number 13), which turned' off' the 'oUtP.Ut, * The” "i§|4T^N- 
command turns’fhe output back on again* • *J.t if uhivdrsa.i "ih that 
it can be implemented, on shy''cpmpii.tiir.-iyt.iemi': 'Ihterpr.elStien-- * • 
involves printout of the cumuiativd-'ddta ca rd nUmber; Nurtpeu i 
"TURN ON INPUT LISTING AT CARD- * ' 



15. ^VINTAGE, M 


x-jSa. 


This command serves to redefine the vintage number of data 
formats which,are to be used (wh°re two or more choices are 
available, it is the vintage number which selects between them). 
The $-card is universal (can be implemented on any computer). 
Data card interpretation involves the printing of M , which 
is the new data vintage n umbe r: 

"NEW MOLDAT = ED (DATA VINTAGE)/' 

16 . $OLDFILE, FILE, M 

This command is identical to that of Number 1 ($ATTACH) 
except that it applies to UNFORMATTED files (e.g., plot 
files of LUNIT4) rather than FORMATTED ones. Also, the 
data card interpretation is different, using the characteristic 
identifier "OLDFIL" rather chan "ATTACH” . 

. . SOLDFILE command was actually implemented for usage 

with postprocessing of old plot files using TACS, as described 
in Section 1.0e17 . For this usage, remember that VAX plot 
files names are of the form MDDHHMMSS. PL -4 , and that I/O 
unit LUNIT19= 19. Thus sample usage would appear as follows 
for a file created on October 13 th at 23:41 and 52 seconds: 

SOLDFILE, A13234152.PL4, 19 


17. $STOP 


This command serves to terminate execution of the EMTP 
immediately, locally (within "CIMAGE”). This $-card is 
universal in that it can be implemented on any computer 
system. Interpretation* is as follows: 

"STOP EXECUTION IMMEDIATELY, IN 'CIMAGE’." ' 
Needless to say, the $STOP card has no application to 
normal production usage; it is designed only for test 
purposes by Program Maintenance, who may desire to terminate 
execution at a certain point in the data input., 

IS. SWATCH5, M 




This command serves to direct 72-.column input card 
bo be wr ^kt en on the screen as they are read by the 
EMTP, every M-th card. This normally will only be used 

SV n ^*L tiVe e ?* cution of the EMTP through a terminal, 
witn FOROOo assigned to. a disk file. Otherwise there 
would be no output on the screen as the case executed; 
this way the user can at least monitor the input data as 

t;* 3 bei ?S rea( ?* Interpretation of this request record 
involves the printing of M : 

"PAINT INPUT DATA ON SCREEN, f 1 ” 

. ?% for V3lues of parameter M , zero or blank (but 
i-o forget , th ? preceding comma separator) is equivalent 
:° u lty ! resulting in the writing of each data record to 

oufnn? ? a V CRT sor,3en) - To later stop such extra 
°utput. Simply use a large positive value for M . 

T data cards which are written to the 

terminal via this request are slightly truncated: 

! RIKT 3009 f NUMDCD, (ABUFF(I), 1*1, q) 

. 3009 FORMAT ( IX, 15, 2H :, 9A3 ) 

In ^eger NUMDCD is the data card number. 


* 
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Er VAX SMTP FORTRAN and its Modification 

For tnose who want to alter the VAX EMTP FORTRAN, 
all supporting programs and'files which are associated 
with our minor-update procedure may also‘be copied’onto 
the user's tape, in fact, the user may get such files 
even if he does not want them, in the’name of uniformity 
ana completeness: Documentation is to be found in various 
memos of Ref. 8 , Vol. ix, 28 May 1979 through 5 August 
iy / y* in 311 rile names shown below* the star f j is 
the VAX/VMX "wild card", meaning that any’legal‘string 

ff r ^nf r ^ cte i[ s for th * c Portion .of the specification is 
accepted, Tne added files that ara copied to trie user's 
tape from our BPA disk using ’giveaway.com are: 


(UTPF]*,SPL ;66 . 


CUTPF)*,FUR;1 


CSCQTT3 TPUPDATE,* — 


CTSU3 EMTPDECK.FOR ;1 ... 


tSCOTT3 VAXET22,* 
tSCOTT]VAXETKOM, FOR 


CTSUJMINORMUP, COM «... 


Segments of the production 
UTPF.' There were 236 of 
these in the "M26," version 
of 26 December 1979 , a 
list of an segments is found 
in the exceptional file named 
UTPFPARTS,SPL* 66’ (use StYPE 
or sprint to look at it), ‘ 

The INCLUDE files of the 
EMTP FORTRAN (which is not on 
the tape). Exception is the 
file vardim,for , the 
variance-dimensioning program 

FORTRAN. • * 

The program which generates' DCL 
for the minor-update, Tne 
executable image ",EXE" is 
run by minormup.com . * both 

”.fqr" and ".EXE"’ flies 
should be picked up by the wild 
card copy. ' • 

structure file showing modules, 
aecks, and where the latter are 
called oy the’former, ’To display 
this, use stype , - 

VAX e/t (translator) files. 

The second iile is an INCLUDE 
tile Of VAXBT22.FOR . Both 

b ; r ?V- “ nd h -£XE» files Should 
Ce Kicked up oy the wild card copy. 

l;^L 0f .ir C r =0 actua11 '/ perform a 

' A ‘ ' ~ * 0 t~ - 3 • t? 4 S 6 e P A '2 Q £ V I Li F m 1 A 

tnrougn iy 0 £ voi. ix EMTP 

memo cater * - - - 
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CT5UJLlSTSIZE5,DAT/i 


CUTPFJ*.Q8J;i 


[SG0TT3 GENCOR • * 


tSCOXTJ ADDCDR, * 


CSCOTT}USECOR, * 


[5COTT3 LI3TMAKER,* 


[SCOTT3 FQRTOUTPF,* 
(SCQTTJ UTPFTQFQK,* 


T/l — Qata to be read from unit 5 when 
the variable-dimensioning 
program is executed. Four 80- 
column card'images of List " 
slses for tne emtp are present, 

—individual object files of each ' 
hMTP SUBROUTINE or 'FUNCTION 
module, An~exceptioft•is * “ 

VAnpiM ,OBJ , the compiled 
variable-dimensioning program. 
Also carried along oy a wild 
card copy are tne overlay 
object files OVMi through 
OV55 which were described in 
Section fl, 

mm * mm Program to generate correction 
records corresponding to program 
changes. Both ".for" and. ‘ 
",EXE" tiles are carried by the 
wild-card copy, see Ref, 8, 

Voi, ix, pages GENC-i and 
CRTP-5 . ‘ ' - - • ■ 

Program to merge two or more 
sets of utpf correction flies 
(as produced by GENCOR), Both 
m .for» and ",EXE"~ files are 
carried by the wild-card copy. 

fj* R ® f * Vol « pages 
GENC-5 and CRTP-l , * 

*"*""** Program to apply corrections- 

n^or rci £iles t0 trie Production 
t0 r€ "P r ociucc modified 
UTPF segments (the reverse of 
GENCOR), Both ".FOR" and 
",EXE" files are carried by 
the wild-card copy. see Ref, a, 
Voi, IX, page CRTP-s . 

m * m Program which creates a list of 
UTPF segments that must be 
processed. Both' ".fop" and 
".EXE" files are carried by the 
wild-card copy, see Ref. u, 

Voi, ix, page CRTP-b , 

-f- Programs which- shift card-image 
files by eignt columns'on the 
l^ft, corresponding to the 
difference be tween fortran and 
y*x utpf formats. The first one 
ados eight blanks to the left side 

muT 3 f « 0tilKAN iilf* (mnemonicaliy, 
f OR TRAN to UTPF)', wnile the’ind 
program strips off eignt su.cn 
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characters from the left edge of 
a VAX UTFF file (mnemonlcally, 
OTPF to FORTRAN), giving FORTRAN, 
Both the "".FOR'* and ".EXE" 
files are carried by the Wild- 
card co^y, ‘see Ref, 8, Vol, IX, 
page ' VIOE-4 .* 


15C0TTJLISCQR.* ——- Program to list a set of UTPF 

correction-file segments m 
quality’ fashion. Both the ".FOR" 
and ",EXE" files are carried by’ 
the wild-card copy,' See'Ref. 8, 
Vol, IX, page VIQE-19 ,* 


CSCOTTJCUTUTPF,* ----- Program to convert between a 

a single-file, universal- 
format UTPF'and the segmented, 
transposed - cicent on left) 
format used'on the VAX, aotn 
the '".FOR" and ".’EXE" files 
are carried by the wild-card 
copy,’ See Ref, 8, Vol* IX, 

. pages iSQTU-3 arid KMIO-i'3 , 


tSCOTT3PACKUTPFT.COM — Command procedure that is used 

to create a single-file, 
universal-format UTPF, It 
runs CUTUTPF, See Ref. 8, 

Vol. ix; "page MMIO-13 7 


While in no way intending to repeat much of tne existing 
Vol. IX ' material,' an’overall summary of tne use of these 
files shali 6e provided: 


SI, All files of directory CUTPF) are iocrced to the 

average user, as are [UT3 files; the average user 
• has read-only privileges,‘ to protect the‘contents, 

A'user’intending’to alter one'or more ut?f segments 
copies from CUTPF3 ’to’ ITSU) , changing tne 
file type to “".MUP" in the process.' 


52, Using SOS, a user tnen maxes 
such copied'UTPF segments, 
ident) is to be’blanKed out 
added) record. This is the 
which’ GENCOR relies’ on, so 
scrupulously adhered to, T 
columns i-a ‘is trivial and 
mode ot sos”' (with tne line l 
current line, send "A"’ fir 
characters '"8C * '''" ). 


any coding changes to 
Columns 1-8 (the UTPF 
for any altered (dr' 
identifying property 
the rule must be 
ne bianxing out of 
automated, using agt- 
n question being tne 
st, ‘then tne’ ten 
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u-nii n :.„T%* r # ;,5::: jt£P• 

read the files wiiistbMn?!'**? translator) which 
?5S of'such a legLnt t*t*L f? COrd number 

later, during ‘corroiii??A * y 0rUy be s P°tted 
?bout 'a 

statement numbers)," • • c ? nd "’isslng 

$@MI^ORMUp e ^ f0r !I^a 1 iJ e 0 p^® r ' KUpcl ? t ® is trivial : 

tha user can monud?avary slT e ' 
even on slow typewrite-J Process, 
is successful Vn'o !> P 

rasu] f w o i • Ka - , . ^ i ^ ? Cue* j * t h $ 

*w^w,Lt WXJ.X jbe a H 6 W py^rMf ah • ^ „ . 

jTStOSKTPMUP.EXfc/l , ' f - * i!?®* n * med 

be snorted bv' the iit, r tui ► u0 . l - ess should 

object files^nave teen cJeat-d^b^ m ° re ov ^ r1 ?* 

fflantisii.. .'■ tn created, be sure tn * 


3 DkE£xE MVi3 SbS** *- 5 COmpleted ' send a 

. MV13.0BU,* to remove the'problem f U e. 

i £ s sc*par<its file? of R * n r t o a v *«- ♦.« 
into tfte’EKTP at' sane poini- fir.t°r^ 6 lns erted 
tile using ' FOHTOUTP*' fxv ’ -, r-£ Process this 

Man* columns to tj*‘ wi ««>»t 

Xhan use the S0S copyi^LSnd"Sc?"?.’ ittt'rt 

Ini Itlul/ptir.lT tUZVU 

(JENCOR.COM (which inf Jn^r ’ ,JP ' execute 

The" resultant cohrectloh™ ^ies • 

coojinunirat'iH +\ t uon i*leb can then toe 

inou^d r^c K . Progr ? IT! Maintenance at bpa, 
snou^o v h i. & bo ciosir^d r < ^ _ 9 

Which y a y ,.- . * 6 ■* 0 * As uhv? X (? v © 1 

to the ru^f j 5 rs exch * n 9® Program' changes 
to i?L C e“® nt production version), *in rfder 
rLAJS:* correction flier m nign-level 
reaaaoie form, execute LiscoR.CQM . ' 


-• £** KMTP Test Cases 

is dlf£.ic2u t to e p?edI'ct t tnd final** £ect: ' lon ^arcn, i9ao), a 

1 ^ uid PPint outlne struc-r-i"^-' t@5 ? 
TPEDIT , as documented in r^± \ u ^ t 1 ° TK usin9 

Pages lerpis through 10 r .;, b ' /Ci * x ' ^ 1980 , 

is changed, the databases im 2 m f tne P rt :.ii^inary design 

fs tTpST3*,OAT "The spa X J., v*\., L C °? iSd ont0 zr >* t«P« 


as ITES73 *. i)AT ’ ‘ Thi»" 'iol'**!. v** Ui? copi5a on -° ^ tape 

2 ?"'* *?«?• 


only 


vr, *jf a limit'set of 32 r~ <•« a- tt-*- •»• 
of about 170 , wm %*”: ®* so Wli ' ; oe supplied, 
. depend on available time an 


tTEST)*.LI« 


•■■ • whether 
d, or a full 
and later 
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?°s« l rtth th I e P m°EMTp y Se v te3t 0ases as nuoh of a " 

_ n une VA * chip, since most re*-’ - ? ni enf <? u m . 

M.”™;?^ t ^5? ut any -«««-^nflLr ’ lr 


y 

X 


> 


1?222^LZ V ™ /V »S Trouble Copying 0v erl3y obJeet FUeg 

As of March, 1980, there i* * t-av/nu" 
to overlay object file- 7 complication related 

to *•*.« p* r ^ roii:n s ^: t r:^ZsL u 

$ COPY fUTPFj*.OBJ;1 T4 o F 

, -Z2££% D zg VyZ: o x:% ir & s & : 1 •«ob j ; ii 

XCOPY-W-NOTCMPLT *SI40 •O'ror ? % tC USer s buffer 

■ !SSS E :5 E EAD f s B !'>r~-’-«ii"2 S r^:c^ v ~M ly copled 

JCOPY-W-KOTCHPLTrStflSlrUTPnoi’-i.^OpfX US f r ’ 5 bUffer 

$ COPY [UT?F]*.S?L-A.c ' " i^ Ln J • 1 n ° u completely copied 

one~Terry\as°talked S with r k^o e - [ WC J re ° pen to 3U SScstions; no 

wants to y employ tK d 0 ^^4 o"e^ y ni^ ^ it} ’ a who 

tnem on his own. The eesi^-t J ' > ce-create two of 

(see MI NORM UP. COM *'U e ) ^hat ? er t° rra 3 minor-update 

aborting the job using r TRi/ v nl°i - ? JUSu phr ' 30 two overlays, 
the files MV31.0BJ 1* anf S .; ln !! R ? h beg ! ns : Rena ^ 

object files [!JTP r loye-! nm-’i " * a ’C, ai> " he mX3Sln 3 overlay 
for which UTPr^o ^f ^ y H P 0 r-® J " • ** 

Ohcrt ore, (for f„ t eo»plUtion( &?"!,%»% 

that ar ° W r 19 -ot. 

individual modul. “ ithou * «>• 

abbreviated tape contents of *° r a ? ue * The 

abbreviated to’just iv T p N rr W be further 

ll . les » apb TPEDIT th«n .Fo- «•*/?-nternctive plotting 

* n ‘ IO ‘ - h - 3 ' a reaUy small reel 


0 f 


tape (250 or 3Q0 feet) "should' 


3U 


f fi 


CO, at in 00 p. PI. 


:'■< ocution 


Victual Address Space for TMT? 

At the beginning of the VAX sector 
nosd for more t ■ 1 

sdorcSfcj sp3oo y In ord n '■* t.o 

xc figure, nrd may be expected 
o i t, h a c; jj p*j e r* o ^ 


?7!ade the need r* 

0 whan iour megabytes of virtual 


ore!' 

iHis is not a ^^ 


much? 

*. . ki Cl ZZSZxQ \ " U^ 

^-O grow along with the pro^r.^° 
1950, we at BPA * 
megabyte limib. 
ip - time, too (we 


allusion was 
c f v 1 r t >. 

But how 


are continuing to live 

oe 

ahaps this will 

st r t ec 

with t;•:•:• ,r -!2l 

a n d a r d 

four megabyte 1 


iav-e to be 
c o d e c n 


raised 

the 
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PPP^IQ Sht f Setup (as used at University of Pittsburgh) 

,w ' ,, . 1 .. - . ; ■ ^ 

TJ| 



,Dr. J.T. Cain 

iv^ijffeity of 
F^ttfefeirghL 


; Pittsburgh, pa. 15261 

: 348 BEH 
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TJ SCHOOL OF ENGINEERING 
UNIVERSITY OF PITTSBURGH 
PITTSBURGH, PENNSYLVANIA 15261 . _ 

DEPARTMENT OF ELECTRICAL ENGINEERING 


■: ■ ■ "U 

o 

"0 

nit wl!! iS equipment corporation's original Jt>- 

al used' tn ? 5 18 q<Ut * dlstinct from tne VAX-il /780 

S¥STFM2ti^r!ri A js«« Section o.SJ), The newer dec word'machine - 
&YSTEM20 can also be handled by the POP-io version, since these 
two machines are software compatible, ' * • ' since these 

With It * j rM t«"c-JS P ’iJ translator was developed in cooperation .. 

S^S! 1 # Pr °* eS50r of Electrical Engineering at*the ' 
an "mvi*" veriion bUr9 5 rt ln Fxt teburgn, Pennsylvania. This was for 
SSicii - successfully set up the translation 

Metier fJSiiiMiSi r' ?n<3 n?S s «PPUe<a'it to a few other interested 
parties (including Lawrence Livermore Laboratory). 


massive that a whole 
systems, Regarding 
He did a good*job on 
nis time, and lack of 


4h«*„i ii. 2 -• • . wv,,,Si oemanas on nis time, an 

f support, it was. a Pleasure working 

' *' . I' 'v> -'.*j . \ / ' * • 




of 

~ur 


tne EMTP was fully operational on tne PDP»io as of 

"H22^ n ai-co^^u<^ ?nSl?t0r n? * " ot 'y ec Bee " upgraded past th* '‘ ' 
discontinuity, and no committments to handle a new program 

erslon during tne summer of 1980 ’nave yet been*discussed, * 

eonr*f«Hl 5 <^ aC ? i0n t0 a Pftdtocopy Of the preceding material is 
J ', a letter to me dated 40 April 1980 . first; hi 

largeiy-undocumented impression that the ’ «M21." fupmo 
version is generally working: " * * • • • - 

; PDp!fnt si ? t ; ent ' eMTP is *uily operational on the 

r Haii ? s 0t M21 can be ,n ^ c * e witrt at least 99 % confidence, 

^ naa 5everal students use chip* as' part of tneir‘work 

i?? ft ® ve exe rcised enough ot'the’program that ’l believe 

ail other parts should worK properly* 11 * % * m .... 

it^?fi° n rr n i 5 not becausa it nas any lasting‘importance in and ot 
* C doas not l . cne "M21." version will be dated by‘Juiy or 
! sJstli°^oftSf^ er# it is ' important as a verification that 

Ulf!* so£trfare seem ® to be compatible* with - the’ emtf. As much 
pnp^?n f ch ® r COfn PUter whicn has not had newer versions tested ; the 

(within avIiiAh?J Pable ° £ copin ^ w ith*tne EMTP, Tom seems’wining 
6 rio£im tr? Uab ^ e resources J to repeat nis valuable service of ' 
program setup, wnen we are ready tnis summer: ' ' 

**wnat are the differences it they are significant, 

ana°wirn°a ^ or ® tnan willing to try to incorporate them — 
ana with a faster rerponse time,'* 

as I nave since cold Toni, tne changes are so 
new translation wiil be involved, as cor an 
response tijne, Tom neca rnajce no apologies; 
the ’M21'I version/ qespite other demands on 
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0 s 51 CRAY"! EMTP Setup (as used at Lawrence Livermore Lab,? 


The CRAY*! is a super computer, number one In the world 
t&P iflitttioer crunching# ho power company or conventional university 
tepwrt- to have one# though service can certainly be purchased 
cowfjShfrdi-tfMy (time sharing 1# 

Translation principles for the CRAY-1 were worked out in 
cooperation with Dr. Walter ("Waldo") G. Magnuson, dr## of the 
Electronics Engineering Department.: Only slight modifications 
to the CDC translator were required. One serious handicap as 
of the end of 1978 was the essence of overlaying by the system 
software (which had no virtual memory management). This has 
since been corrected, Waldo .indicates. The, translator which 
was used is "current" (since the "wysp." discontinuity), So 
only minor updating will be required for "M27," use. In 
Deeemoer of 1978 we generated a file of "M22,+* CRAY-1 
EMTP FORTRAN, and sent it to Livermore for setup. At LLL, 
the EMTP is mostly used for fusion power supply design (by j 
Mr. Alex MihalKa, principally), and operation of the CRAY-i ( 
version was judged to be correct for this application. The ! 
solutions are apparently consistent with those generated 
by the CDC-7600 EMTP version, which is also operational 
at Livermore. Alex has reported a speedup by a factor of 
two and a half. 

i 

In a communication received on 14 May 1980, Waldo 
Indicates that "LLL will be setting up the new version 
(summer of 1980) wn#n it becomes available." 
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v x-rn . . 

Q,S *Burroughs SMTP. setup (as used at EBASCO) 


’ « Translation orinei.pie's for/a Burroughs 

out in cooperation with Mr, stonewall ("stone 
Ebasco Services curing much of 1978. it was 
which tauqnt us that translation rul 

adequate to handle all major American compute 
have been recovering ever since, ^or a detai 
the structural reforms wnicn grew out of the 
consideration, see Kef. a, Vol. viii, 2S dune 


emtp were worked / 
Y") McMutray of 
this association 
es were not , ~ 

r systems, and we 
led description of 
Burrougns 
1978, pagination ! 


well, sin translation for Burroughs was eventualiu 

this^has # n^v d m ! Ued Stoney during December of 1978, But 
never b «en set up Cone reason being that there were 
w2nn£ nco [^ atiolliti $ s with the November 1977 EMTP user's 

llmiteaK ^ ^ tMt UtUlty t0 Users ^ ^ been. 

; i 

: k s : 

Burroughs re ? t ! 1 So ' one Wa V or snotner,.a new ; 

o2 Sade avaii^te i U be per£orrned .next summer, and .shall > 

oe made available to the general public, /, 



EBASCO SERVICES INCORP ORATED 

' Two World Trade Cooler. New York, N Y. 10048 


UPDATE | 


He said^that i!*2. * **»''•? stoney via t.l.pnon.i 
He said that he has tentative approval from 

nJ5? 9 su^mer t0 ? et *?5 ? new Buri, ° U9hs KMTP version 
next summer, I said that I would pass the word on 

£n£:« 1 22 e « r ' ln r unich ' and «« “••“! « on 

stoney in July or August. As witn all 

wiu start with michominiutpe , . 

good® * ? * v#rytnir,g ls intact. Good, good, , 


§SS?burroughs burro 







0,5n SEL entp oecup (^s used by labqpel in Belgium ) 

Throughout the winter ot 1979/1980, translation principles 
for a SEL fcMl’P version have been worked out with the 
cooperation of Mr. Germay of LABORELEC in Rhode»st,-tienese, 
Belgium, Mr, Steve Buroker of the Seattle (Washington) office 
of st'L (Systems Engineering Laboratories computer systems) has 
also been indispensable, as a local adviser. 

On 2 April I960 , an ”M26," SEL EMIP translation was 
mailed to LAdOKELEC on tape for an attempted setup, Steve had 
earlier compiled Key modules, so we believe that most details 
of the translation should be in order. But as of April 8# not 
even the receipt of the tape in Belgium can be reported, 

1 mignt mention that there are no Known defects to the SEL 
version. That is, if setup is successful, it shall nave full 
ErtTP capability all features will be operational, the code 

isvariably-alrnensionea, etc. i 

Based on our correspondence with Rhode-St.-Genese, LABORELEC. 
is a most competent organization when it comes to computer j 
details related to this program. But they are a long way away 
(tne Air Mall service is poor, typically requiring 2 weeks or so). 
as witn all otner computer systems, we find it valuable to have 
a domestic contact. It anyone having interest in the SEL EMTP ; 
is to oe found in Nortn America, Program Maintenance at BPA j 

would like to near from him, j 

In a Telex (FAXGRAM) communication dated 14 Kay 1980, j 
LABORELEC reported the following: 

"MAGTAPE RECEIVED 17 APRIL. RECEIVED MODULES 
SUCCESSFULLY COMPILED WITH MINOR ADAPTATIONS. " 

Because I apparently did not adequately explain the purpose 
and usage of the variable-dimensioning proqram "VARDIM", 
linkage 'editing with realistic dimensions had not yet been 
performed at tnat time. We remain in communication, however, 
so an executable image should not be too far off. 


LABORELEC / 

LABORATOIRE BEL6E DE L’.INDUSTRIE ELECTRIQUE 
; belgisch laboratorium van DE ELECT RICITEITSINDUS TRIE 

, • • SOCIETE COOPERATIVE . COOPCRATIEVE VENNOOTSCHAP 

Y; SECTION - 9 - SECTIE ’.*• . 

SERVICE MATHCMATIOU6 / ' , 

WISKUNDIGE OIENST • 
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,/ ’^QDCCMP ■ £PTP • s^typ ’ *’ * : M ’ 

f *nj[* 4 *I*J* °* tft# *w««V Moiiu«r'C'.'. • ••• ; ••■ 

.^oopu&er systems, In?:* ojt Port Lauderdale, P’lor^fS* ‘ & 

"Manufactured, with the classic currently of 
interest for support of the £mtf, n * y °* 

. ^8ules et MO0CQMP FORTRAN have been studied, an;' «•** ' 

*ii Swum"*?*? *cXaMC ?l *“!****'.* 

• WttMiMMmlMJw l ** # * eo »«in? to prtoont p'lnir 

co«£t as sii nswas/siss: t9 »r»ui trzi it ■ 

classic user in North A**rAc* who Woui't be +» V 

»«t»t. n .ne. *"£;%&; ?;?:•;* zit zizzi' ,r tr** 

' SSJSr' #St*«*2?°Sr W . .*•**•»* " lh «* »««»*" ' 

(sft-lin* ooiutering ana tiip«*vis**** !£tt?i?t»o* , '* 1 ii» eontrftX 
iJI"2iIoi I , * * Jf ft0 Sucn cooperative party can b* 
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0.5p Jacanese Cowouters of Various Types 


H v21«" versions of the EMTP nave been tried on several 
computers of Japanese manufacturer,' including FACQM , HITAC , 
and TQ58AC * Apparently these machines are structurally 
similar to American computers line ISM and Honeywell, so 
that acastation of these latter versions is relatively simple* 

Any interested emtp user in Japan is referred for information 
to tne established emp organization that has been formed by A)ci* 

Dr. Aicihiro Ametani, Professor 

Chairman of Japanese EMTP Committee 

Department of Electrical Engineering & Electronics 

Faculty of Engineering* 

Dosnisna university 

Kyoto 602 

JAPAN 


it is witn no intent to downgrade individual 

^ <y ?* v * *“ *«» 

’ , “ ?f, not h ? ve * nou< ^ specific* to describe each 

adaptation and usage of American emtp 
versions na$ t»een dofie tn an eatp 

trs. Pro^riu flalnten.nce at 8P*I " Knoi nothlno^J'SJ * Ay hel * 

restrictions are applicable, ate t* t-Ll cea ' wr, *v 
Committee would oe willing to Srite tl EW 

systems, one per page, I would individual computer 

a later version of this def !*iL£f P E ily insert that material in 
April b, mj° **<««nee Manual, Current date it 
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FGH is our principal SMTP contact for Germany, and they 
happen to use a Siemens computer. Mr. Bernd Stein attended the 
SMTP short course in Madison last year (June, 1979), and when he 
returned to Mannheim, he proceeded to acquire the, "M21." IBM 
package from a nearby user (Mr. Degens of Delft University in / 
Holland). It seems that Siemens FORTRAN is of similar structure 
to IBM FORTRAN. Setup has been slow (Bernd is time sharing), but 
not due to serious compilation problems (though his existing standard 
compiler did fail to generate link-editable code for one of the 
error overlays, forcing Bernd to acquire a newer prototype compiler). 
As of March, i960, testing appears imminent. 

Anyone having interest in a Siemens version of the EMTP is 
referred to FGH, . While no formal committment to set up a new 
translation during the summer of 1980 has been received, I would 
guess that this is likely ("he who uses other than the latest EMTP 
version is on his own;" and being on one's own in this business is 
both lonely and dangerous!). 

If and when Bernd whites user instructions or other relevant 
information related to usage qf his Siemeiis EMTP version, such 
material shall be placed in this section. The. present material, 
written by Program Maintenance at BPA, Is. just filler, to reserve 
a place in the manual. 

Finally, let me amplify on what is meant by FGH being our 
"principal EMTP contact for.Germany." Bernd receives EMTP memoo 

as they are written. When Reference Manuals are printed during 
the summer of 1980, a single shipment shall be marts for Germany, 
to Mannheim. Other EMTP users or potential users :i r n Germany are 
thus encouraged to contact Bernd, to receive information about 
EMTP usage and development. Just as there are now too many program 
users in Japan to be dealt with individually (fortunately we have 
Aki'a Japanese EMTP Committee), so usage in Germany is expected to 
grow similarly. FGH has received thB "franchise" to coordinate 
this usage for the mutual- benefit of all.. 
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0*6 User-Controlled Variable Dim ensioning of the EMTP 

stores 

The EMTPAmost problem data (all except that for synchronous manhi* ' 
•«<*•*• Of S. ? tio ? tables, which ban be sited by the ,"sc? at "'h 

linkage-editing (loading; linking; mapping: etc ) time thp 

sris^&rs: r ° ° r vrrr - > 

instructions for his computer system (?edtinn fc n%i taU M ti0n ' ,:, ^ pendent ' 

slc —— ■ 


Point i 


List 


Li.'it 


List 


List 


List 


List 


List 


size all EMTP tables at will 1 £. exceptl0ns * user can 

independent tables (or 'Uists'O^rth 3 ^ CurrentI - v 
the following definitions: le program > ns 

U3US - The maximum number of problem nodes (busses) 

LBRNCH - the maximum number of nrnhi.™ k. u 

3-Phase overhead 1 ini ZoSlTA' tTSe" 'J 

LDATA “** point^parsmeter"vhluea ^ 

branch cards (aueh r are reac * from 

series »TJ branches) P1 - Clrcuits 

LEXCT —— The maximum number of problem - 

dynamic S.M. (see List ?7 i »°!? ro « s * Enoh 

• ' se< - Llst 17) contributes j. 

LYMAT ———— Th<» mev<>i._ _ . 


lswtck 


L 5 MAT 


List 8 { LPAST 


List 


INONL 


The maximum number of entrii»- i n it 

«m. a -l^p a 1 o 2 o 1 ■«-** if%h. 

triangle (including"bUgoMlf’Sni''"* 

” Tncluded^are"swltah^re em Pitches. 

inductance el.menuTr^ and switched. 

Modes and values ^ f oecttons !.ft; * ■ , i 
values also count as ewltohes. 

The maximum numbAi" n f 

t a ?me: s C t a eo%o UbmatVix in th * 

i;„ the sL^ r ^fo- 
pseudo-nonlinear Ai«m ? (switGh - ho-ins f1 . vj 
tPisngularlred wSj“ 7 L"?" C ' 3> ’ ^ he ^ 

hshever there la s ‘ » „ loop 

ru mng operation. 

The maximum number nr 

fS-’ - --b^:-a----ory i33Soi 

■ n °" li --«SL r ? n f S?e nl pr"”i r e ; !m! ?S - ,ud0 * 





List 10 { LCHAn ----- Maximum number* of points which 

define, the oharac: ter i st i eof the 
non l i near of pseudo-nonI itv'.ir* elements 
of List 0 * Type~qA hysferottc inductors 
are an exception, however. For the first 
V • » such element, p»N «• H ceils arc allocated, 

, where N Is the number of data c rfril :» that 

define the chnrnct*'r l st lo. .’’.eeond’ and Inter 
elements might use the re forenee-hranch 
feature, in which ease requirements -drop to 
six cells, fine Section 1.11 for further 
. • details of tills exceptional case. 

List 11} NOUT --- The maximum number of branch outputs, and nl.no 

the maximum number of node-vo|tage outputs. 
Because multiplicity of this list is small,, bo 
'v generous and avoid later trouble. 


List 1J?: LPEAK - The maximum number of output quantities. 

List 1.1; LFDEP --The maximum number of frequency-dependent modes 

of d i str ibuted•* par : nn>• V,er tr•'insm lss 1 on I .1 nes 
which use the "WETC.IITtNO" modeling of 
Section i.;?f>b . 

LWT —«*>-*» Tiie maximum number of cells required to store 
ft oquenoy-dependont weighting functions A1 
and A,? for the modes of List 11 . 

LTATLS The maximum number of cells needed to store' 

the convolution line history for the 
exponential Lai In of froi)ii°ney-dependent 
weighting functions of List Hi , 

List 16: LJUMP The maximum number of switches witieh utilize 

th'e '’PART ENTER" feature. This Is largely 
unused today (after Type-qq development). 

List 17: l SYN —The maximum number of dynamic synchronous 

machines of Section l.h;? . a dual Typc-50 
machine counts as two. . Current fixed sizes 
Of the o.M. code (see final pages of 
Section 1.6?) require that L.'IYH must agree* 
as sent out by'fiPA, this is Lf.YN « i| . 

List 18s MAXPE —-- The maximum number of branch or switch power 

and energy requests (column 10 punches having 
" a value of "fi" >, 

List 19: LTACST ----- Maximum number of floating-point colls of 

; . . , _ total storage for all of the TAG! tables. 

' See Section 8. A value of ny is the 

minimum allowed (any small value will be so 
Increased). A reasonable practical minimum 
tor production problems might be poon . 
borious TAC,0 users will probably want more. 


List HI: 

List 15: 


xiu-a 


List.20: LFoEM -- The maximum number of cells used to store 

recursive convolution parameters, for non- 
copied branch components of Section 1.27 


List 21: LFD 


The maximum number of cells used to store 
transformation matrices for the recursive 
convolution frequency-dependence 'modeling. 


List 22: LHIST 


The maximum number of cells which are used 
to store the convolution history associated 
recursive convolution (Section 1.27). 


List 23: LS*IZ23 




Used only for systems like Burroughs 
and PRIME where labeled COMMON blocks 
are not methodically placed in memory. 
Users of other systems can ignore this 
list, which provides dimensioning for 
the giant working vectors of node 
renumbering and the steady-state 
phasor solution. Conventional 
machines (IBM, Univac, VAX, etc.) have 
such dimensioning internally over¬ 
ridden by a fraction of the total 
/LABEL/ storage, so that the user- 
punched value is ignored by the 
variable-dimensioning program. 


List 24: NCOMP —Maximum number of phases of 

compensation, at peak problem size. 
The actual maximum number of phases 
then varies inversely with the number 
of problem nodes. Use of MCOMP « 3 
is roost common, allowing for 3 -phase 
compensation with full-size Droblema 
6 -phase compensation with haif-sUe ’ 
problems, etc. 


List. 25s LSPCUM Maximum number of floating-point 

cells of total storage for all 
universal machine (U.M.) tables.’ 

If U.M. modeling of Section 1.63 
is not of interest, set to unity. 
Practical production usage -allowing 
' , ' two 3-phase induction machines 

typically takes LSPCUM * 1500 
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An abbreviated version of this explanation appears as part: of the 
case-summary statistics which complete the line-printer output of each 
data case being solved. See the example of Section <2.3 . 

* One step in the dimension—changing process is the execution, of « 

separate variable-dimensioning program named "VARDIM" . This program 
readB 3 data cards in 10X8 format, obtaining therefrom the un«r» 
specified list sizes. The format for these 3 cards ia as follows! 


_j_ S 3 S t > 7 3 <1 10 

L&US LGRNCH LDATA L£XCTj LYMAT LSWTCH LSMAT I UPAST f LNOVJL LCHAr} 




18 

J8 

18 

| 18 

18 

13 

14 

asfoKsHagjj 

sy 

16 

.ur w 3^bS4A.?|! 

17 

»_ »•>_ru * 


NOUT. LPEAK LFOEP LWT LTAlUS LJUMP LSYN MAXPE I UTACST I UPSEM! 


ML 18 18 


18 18 


21 £2, £3 24 2 5 

EF0: I.HXST \x%m% NCOMP UPCUM 


is i i ; i8: 


i i i 1 < 

lilS 


•;••• liflat.,,?. *. As .immediate verification of the list siats applicable -to any ~ iv _ 
WS& simulation, the introductory heading which starts each n«w n» 

^ . displays such figures, for example, (see -next page) 
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fVSCWOHACNCfXC IRANdUWTd PROGRAM <EHTP)t D131T * If C&EO VAX-ll/780 TRANSLATION AS U»K0 BV BPA 1 
Okft IfM/PO/VT ) A NO TIME Of DAY <HN«NM*53.)* 04/1V/SQ IJ.10,25 AN* PLOTS BEAR SAHfc nr.UP.E5, 

If II XJOOUT A5 TO WHAT THE POLLUTING PHIMOUT MEANS # CONSULT THE 3A«~PAGE £MtP USER'S MANUAL 0A1 


BPA IN PORTLAND# nfitClN 5720* 
f VlKSXON » *H2Tt* I 

DATED NOVEMBER * V)7U‘ * * 

t#3£PCN0€NT LIST LIMITS rQLLOW# TOTAL LENGTH Of /LABEL/ EQUALS 2Q0U.I INTEGER WORDS« 703 *050 3*00 30 7500 

*100 5000 50 300 IDO* UO 5 7000 400 9 4 30 6000 500 12 2*0 3000 4 3700 

«*«*»#»**#•»«•««««»«»**«««'»*•«••«•• «mm»m •.*«.***«» .....•»«*»•• «l 

DESCRIPTIVE INTERPRETATION OP NCW«CAAE INPUT DATA 1 INPUT DATA CARO IMAGES PRINTED BELOW , ALL 80 COLUMNS# CHARACTER BI CHARACTER 

•*•*•■ \ 2 3 4 $ ft 1 


MflRMtR CARO PRCCEOINQ NEW DATA CARE, 


i»£GlN NEW DATA CASK 


Also shown in this printout is a figure for the total number of words ( 
of labeled common (abbreviated as "/LABEL/" ) storage, which is the ! f 
total storage requirement for all of the EMTP tables during the solution n 
phases of the program. This figure will generally be needed by Program [ 
Maintenance should a computer system error occur during the execution t 
(at which point the system rather than the EMTP will terminate j.| 
execution), and the EMTP experts are forced to dig into the FORTRAN i; 
listing to find where execution stopped. 


If 

I,, 
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Point A s 


Point 5 : 





The "cost" of variable-dimensioning of the EMTP is a constant, 
pre-execution overhead which consists principally of the cost of 
loading (called linkage-editing, on IBM) the previously-compiled 
FORTRAN code. Once this operation has been performed, execution of 
the rediraensioned EMTP will proceed at essentially the same speed 
as would a fixed-dimension program; there is negligible penalty 
during the actual solution phase of a typical EMTP data case. 

Exceptions are the TAGS code of Section 3. (whioh also 
uses offset-subscripting), and the universal machine 
(U.M.) code of Section 1.63 (which also assigns working 
locations for arrays as arguments of SUBROUTINE calls). 

Certain primary-level non-solution overlays have giant 
working arrays (a maximum of one per overlay) which 
are sized the same as /LABEL/ except for a possible 
built-in offset which very crudely adjusts for the 
amount of code of the overlay. If the user wants to 
manually apply an additional offset to this storage, 
he can add a fourth data card as follows: 

1. Punch an extra "9" in column one of the first 
data card that is read by VARDIM. This is taken 
as a special flag (VARDIM extracts it from LOUS 
before LBUS is used) . 

2. Add a fourth data card containing the extra 
desired offsets. The format is 1013 , with 
one data field for each such primary-lcvel ' 
non-solution overlay. Currently there are five; 
0VER29 , OVER31 , ’ OVERS’? , OVER'4 4 , 0VER45 . 

Common usage of this feature is for virtual machines, 
where enormous list sizes are requested; unless specially 
compensated for, the giant working arrays would be 
dimensioned far beyond any reasonable program needs. In 
this case, offsets will all be negative. We do this on 
the VAX, where in March of 1930, offsets of -123600 are 
being used for the five overlays. For the record, the 
size of /LABEL/ is 207363 integer words, or in excess 
of R/4 MB! Using the negative offsets saves on virtual 
address spaoe for us, that’s all. 
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Once the EM?? has been re-dimensioned, the resulting executable code cati be 
saved for immediate re-use as often ae the user wants, without any extra associated 
coot (other than for storage of the code, generally on distc). This is what makes 
the procedure so practical* Generally, a number of simulations of bo sic ally the 
same problem are made, so that the cost of the single dimension-changing operation 
associated therewith works out to be a very small fraction of the total simulation 
cost for the problem. One can afford to re-dimension for all large problems 
without appreciably increasing the cost of simulation. In fact, if one has 
rea?wistic accounting charges which appropriately penalize usage of core storage 
during execution, one may indeed save money in 'this way (since running She jobs 
will require less core storage). 

Should the variable-dimensioning program detect illegal or absurd data as 
having been supplied by the user in his attempt to redimension, it will terminate 
execxition with an error message of which the following is an examples 


»»***-»•»»«a *««»« <•«««'.* + mmw * w *«• «*».««« mmm ww «few*«»««»«• *i ■»«»«•.•»«« w w•«•**«»» w*<««tt*»<*««»•*»«<> **« ■***#*••»,■****< • 

EPKOft ERA JR ERROR EPKCR ERROR ERROR ERROR ERROR ERROR ERROR ERROR ERR OK ERROR ERROR ERROR ERROR ERROR ERROR £Rtf8J< K» 

ERROR ERROR ERROR ERROR ERROR ERROR tiftnOf* ERROR ERROR ERROR Er.dOA ERROR ERROR ERROR ERROR ERROR EKftOR CflAOft fcftAOft Ji* 

mvmmm „ » mmmm v «n -»r ««, «« m*** + mm* «*«««.»'» »**,*«> 

T.*£ J5ER 13 IN TROUPE* UNLESS HE HAS MADE A D At A-Pl'.N CHINS ERROR* VAKjU&LC'OlMGNSIORXNG OF TIME MAS 

' SROKEH P0«« WITHIN THE SEPARATE VAH l ABb£*0XM£HSXOJ<XN€ PROGRAM 'YAHCY** , IN PARTICULAR, 0«E OR *0*8 Of TH« 
USER-INPUTTED UlSt SIZES MUST SE REJECTED AS 3£U<i ILLEGALLY LARGE, ' USCR-6UPPliX£S LIMITS (Oft DEFAULT UMITS, 

FOR AN/ NQMHPOSmve DATA FIELDS) ARC AS FOLLOWS * , * . *' * ,1 " ” . . . 

272 987AS4J * 24S ' *0 0 25 »0 0 0 0 

0 ■ • • 0 0 3 0 3 "0 0 0 0 

0 0 0.0 0 

SPECIFICALLY, THE USER-SUPPLIED VALUE WHICH WAS READ FOR LIST NUMBER 3 EXCEEDS 999997 , 

WHICH 13 UNREAL, A VALUE OF ” £876343 "WAS'MkAD FROM THE USER’! DATA CA&D~?Uft THXA'UAT. 

ERROR EPROM ERROR ERROR ERROR £E«G R ERROR ERROR ERROR CRROR ERROR £8?*0R ERR OR ERROR ERROR ERROR ERROR ERROR £H«GR £ 

ERROR ERROR ERROR ERFiOR ERROR ERROR ERROR SftRQft tRftOft SAROR ERRCA ERROR ER6 qR ERROR ERROR fcftfiQft KaflQft 6 

•»*•*»««»«*«««• «p» Lw»* to £*« **«*««» Mr «t **«» W «• « • 
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< iuch error message vd.ll come out on the line printer, junt as the regular 
EMTP printout would haro if the run had auceeanfuUy continued. Berea 
outnut should be ignored. Ideally, the entire job shou .a no insfcantly exiled ■ 
following such an error message, although tills may not be possib e or eonvenxen 
on all systems. On some computer systems, an indirect method Ot kxlling thh; , 
such as dividing by aero or accessing a memory location way outside the partition 
in°which the job U being run, may be resorted to, in order to get tne system to 
■ terminate execution of the job. 

Normal execution of tne variable-dimensioning program results 
in minimal printout which includes a pseudo-listing of the A in ^v d ?SS D 
cards (3* or 4 in number), For example, as part of our BeA VAX nrirp 
setup (remember that this is a fully virtual machine, so list sizes 
can be enormous), the following was produced? 


pseudo-L-Istw o 
If All o at.* nci 
ARE 1 U fXCT FllAD 


; or DATA CARDS WHICH HAVE 8ECN READ «Y THB YARIAJLC-D52 J*TRUF LISTiKc! 
IELOS ARE rUNCHEO WITH 'CLEAN* ** XNTUER INFO- M/iTlU MIU * TR V? 

LAD IN Afi& TKKrt PRIHTEO OUT USING INTEGER VARIABLES AND 10 U f****** 


ONLY , 
DATA CARDS 


3 ST CAttD U.1ST3 1-10)* 

2ND CARO (LISTS 11-20)* 

3RD CARO {LISTS 21-30)* 
5UPPl*KHi4tAli OFFSETS. 

ROftPAb •‘EftMMTJtON WITHIN 

SUE or /LABEL/ SOUAL3 


190000701 10*50 2500 ' 3C 0500 

i* lOO 140 ' 5 >000 »00 

i '72 200 3000 L y)$Q 

l’*!32*03 ■**A^3>C0 -X67500 -1«2300’-13?&C& 


i* «#t*«■**■ **r* s* •»**•♦<*"•****•* 


f VA?DIF.* v ■ TH£ 

:;00i*A integer WORDS* 


of 1 


doing th 
company.. 


Svstera-dependent control cards will be required to actually effect ^ 
dimensioning-changing process. Refer to your own computer system 
ntcrest in section 0,5a onward, Shoulo a cooK-oook procedure »or r_..; 
g the job not oe found there, cncch with Program Mdintenah-.a of your {, 


In order to parsimoniously re-dinunsion the EM TP, the use.-" mu*t 
Know the multiplicity that is associated with each list wh.-.cn is to oe 
That is, h* must Know the number of arrays (vector*; colusnr 


re-sized, 


That is, he mu: 


LIST NUMBER 


19 20 21 2<! 


23* 24 25 


’ ru0m«« PT* X 6 5 3 6 X 12 

XJtTECER 1 4 7 0 2 i ID 

TOTAL I 10 12 3 ft 2 11 

" •• ——.... 

f «m>- USED ONLY FOR BURROUGHS AND f^ISC 
r * «.*« U5T 24 IS MOT COUNTED ITSELF, 




roXumns 


of tables) to wiiicft lint applies. Wis ftsndy ir.£or?n&t:>.on *r. 

■ automatically printed'out by the SMTP following the error text which is 
. associated .witn any overflow ©rror scop ox the prograw CMLL^ - !)• For 
' example, in the esse of, network: node (hist 1} overflow, the t-^il end of 
the error-message‘printout appears as 'follows? 

cr ccvpse maybe the u/.es *ouw life some suggestions as to why the taule in uuksticn (List nunpks •») 

O-Ir^LO-CD. IF u3, READ C*, GGU3 UUOOY* THE K.MTF J-AS A LCNCr* STAhL'iSntO POLICY OF fl££X?CPX0'J.V AN»> LAUDABLE 

COOf* NATION IK Xht FGKH CK C£ YS'i AL-CLCAft 01 AGMC^X'ZC: MF.SSA^fit# SUCH AS Thu, fuLLU» 

?#<r-»*XSrORY PClNYfi ?Ca ' a 11 T? j . I b UI c* D - p A K A H i: T t;a KEPStStf-TATIDN OK ark STOMEO in SfJDAL ITOfft, 

Al,).*Y4, EACH »Q0S EEIJlSKS'STOhACG, .HERE "HiRS SBC At I*A.MY Mu&tS A-» aKE CCU|*l.sa COHt'UCTO;-.^(J..Ci., A 

CIRCUIT LIME HAS G M0C££«i* A C3ASTANX«i?ARA«£TJ!f (^RKCUENCY^Si-DErEiiD^WTl K0D£ CO'* * kXBU.. ^5 ^ .Abew^.Ur .-.»T?Ir.»# 

If*TA0 # 111 Tr.Z HO&AL TRAVKi,«TSM£ OK THl! LINS, /a THU T2»si-.iTK? tiXIS* Ah'> THK 01/I^rC.: (NVOLV^ii 

INTF.CSP. TRUNCATION FOLLOW 40 ?*Y Thi ADDZTXCN OF UNITY. FOR A FRF. 'JUT! CY*'Oi'.'> : E:*Oc.J<T NGDK* w Cn'r, ?A&7*HiriinHY 
THAN THIS S3 NCCDCOr CAOUGN TO rSi*.fC?.M TsiC A2 CT # CONVOLUTION„ /M TKC ?'CCkDXMC rJ^U M A, ^ A ^ r - TO »* 

TIMC r T2* AX WhlCH TlU KX^ONEKTXAL TAIL ON A2<T) BE^ILS 3 T^ AOH «0) , 

XN CRDCP* TO CFFCCTXVKLX TRA0C MEMORY SF^CS AMONG THE DIFFE^fiMT TAbLi*:;,, O'H', vjst KNOW HO« HAM/ AKPlYS THER.^ 

AAC IN £ACH TABLE (£? rCCTIVELY). THE muLCWINO TADULATION* ShOWG TKcI ^F. r ' MULT ILLICIT V AS S0« H A AI'ED «1TH EACH 

Xf»DKR£.WCeNT LIST »«»** TK0i$£ LISTS WHQOS LENGTHS ARK UN'OH? USKH COh’-’KO;, ' 0” Sf**TF V P Rl Ar^'.c SSMCFS) 3M.SS „ 


f ' USED ONLY FOR BURROUGHS AND ?^ISC aS tiF KAY OK 1780, 0l!(ER CUPU'fEOS- CAN XO&CHC TUTS ll$X» ,!.*/ 

i’ * *++ list 24 IS MOT COUNTED dX ITSELF, XN’STC \D, ADD TN£ VALUE TO T.* ; S F.,S)ATI.SG-i-0Ifc* AND TOTAL COUNTS OF LISTS 1 AKO 4i{^, 

caution * «e skf^yxcax, cr abcvk # PF?srfT f i gusk # riuts je a ^ out: so shnofhal tfrnihation or case, 

t3IRCII/CPP3R/£BHOR/ERRCR/EaROft/ERPOlJ/KP*»OR/£apCrt/i!:r.TOK/C:'sSO?/L'tPLR/lC?<*OK/£PNL-»/5.f'KLVN/f.^afi!l/LRP.O.ViR?OR/fc. 4 »tCR/EF BtR/ERK 
fR«Ofl/Lf5HOf»/£HP.OK/KRROP/K?.POI s /F.r: ; iCn/j:;?r! i :r '■ f ,PrUf:/ft.RhC: KfCP.r 0,x/Lr** 7 u.i ,TgU.CR/E:-?iCA/Eff ROR/f ?;Fr.RKEHR2?/ErftCi , /E> SOR/£RMf;R/£R?OR/X«W* 

«i#* imf •, + 4 •» *» v, .** *n *m4mmma>is w #*,«• ^** •*** , » •‘^— •* w —l 


CARD XCNORCO IN SEARCH FOR NEwCASE BiCXhMlMf;, 
CARO 26N2AE0 IN SZAPQH FOH SEN-CASE ai^cr-fNIflC, 
CARD XGLCftEQ IN SCARCK fCH hEW-CASE BEGXMNJMG • 


* fl A ftr t Ti U. C A 
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:'r ’ ; jjota that the tabulation not only includes a total-multiplicity figure lbottom 

• row of the table), but also decomposes this into integer and floating-point 

components. Such a distinction is important when working with a program version 
in which integer wordo are not as long as are floating-point words (e.g., the 
;•; common double-precision IBM translation, wherein integer words are 32 bits 

$ (INTEGERS), ari floating-point words are 64 bits (REAL*8) ). 


Ex ample » Suppose that a user wanted to increase list 11 and 
" r * ’ decrease list number 2 , all the while maintaining 
constant memory allocation. 

a) On GDC where integers said floating-point words 
are of equal length (both 60 bits), the "TOTAL" 
row of the table shows that: 


L.j ^ * 4 + Lj, • 8 » 0 

where 1^ is the increase in size of list k . 

For the most common case on IBM, with 4-byte 
integers and 8-byte reals, 

L n * (l + 3/2) L 2 *(3 ♦ 5/2) * 0 

Note that the multiplicity from the row marked 
"FLOATING PT," has here been used, unchanged, ’while 
that from the row " INTEGER" has been divided by 
two in order to reflect their relative length of 
a half a floating-point word. 

As to how large a computer memory partition is actually required for the execution 
of any particular program version —— or perhaps i>ore appropriately, how much 
memory space i» actually unused, when a given standard memory partition of the 
computer is used —— the user should aoo a Program Maintenance expert. From the 
size of /LABEL/ as found in the heading printout which begins each new data 
case which is being solved (see Point 3), and a mtjKiory map for the standard EMTP 
version which has all default dimensions, the question ia readily answered» The 
required partition size depends directly, and only, on the size of /LABEL/ * 
of course. 











0* 7 FORTRAN Data Format Specifications 


Throughout this manual, data formats are indicated in FORTRAN rotation, 
with symbols like F10.3, 18, A6, or £10.3 . A short, illustrative 

explanation is as follows. If unclear or incomplete, refer to a FORTRAN manual 


£10.3 A decimal number is to be inserted in this space (field) of width 
10 columns. In general, you should punch a decimal point) if you 
do not, it is assumed that digits in the last 3 of the 10 positions 
are to the right of the decimal point. As long as you punch the 
decimal point, the "3” is overridden, and positioning within the 
field is immaterial. Examples follows 


-3'1.5 I 

! >>■*-,; f ! r 

! 1 ; 1 1 1 

132745 


i ■ 3. 1.4.1 S') 

^ 1 {■•' 1 i 1 




Integer data (no decimal point allowed) is to be inserted in the 
space (field) of width 8 columps. Integers should be punched 
"right-adjusted," as far to the right in the field as possible, 
since blanks are interpreted as zeros. Examples follow; 


f 

t&V• y-w- 


. -39 
10 £4! 
99 


, 5 • 

* ~ 9 ^ j OO jO;‘ 


i 




M 





An arbitrary collection of characters (letters; numbers; punctuation) 
is to be inserted in this field of width 6. Blanks are a special 

‘BUS A • and < BUS A* are not 

i • • v r •< **• 


unique character, remember, so 
the same. Examples follows 


80$:-: 1.A 

V. 3:+;A5 :J. L.L|. • 
fe.RO.OMB : ; i.i ’ 


Eio.3 ‘**wA decimal number is to be inserted in the field of width 10 columns. 
Use of scientific notation, with a power of 10 following the symbol 
"£" , is added onto the previous rules for F-formats. Omitting the E 
and its following exponent is interpreted as a unity multiplier, so 
the £10,3 format then behaves just like F10.3 » Right adjust the • 
number if an E is punched, since just as with the I-format, any 
trailing blanks are interpreted as zeroes. Examples follow: 



, ; :1. :&;0 V.E3 
. ;l ,;6o.7. : E3, -< 

—4- 160 9 : ■ j 

<uv*i(v LtOfj *1110] 

\ : i - j 

300 •; 

. , i , , 


3. 1^.ii5T2fc 

7r; . j j ! 

j i; 


-5 r : 1; ' . 

r£, 1 . ' j 

? * r i • 

! 1 i 


! -5. i 2'E-4 

* r*: v OOC 

s i !_ 

* 

i ' i i5- 2 

.•' f "i; r r i1 


•o r T 
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there also is the option of tree-format data specification, 
half Or more of the different EMTP data structures. The idea 
is simple. Rather than positioning data fields in fixed column 
locations, there is an ordering from left to right, with a separator 
character (usually a comma) used to delineate the field boundaries. 

If more than one data card is needed for the string of data items, a 
continuation c' aracter (usually a dollar sign) is used rather than a 
separator character, which means that another data cards is to be read 
before extracting the next data item. 

To illustrate, consider the special request word "POWER FREQUENCY’' 
which provides for redefinition of the steady-state frequency (see 
Section 1.0c). Using free-format, this reads: 

POWER FREQUENCY, 50 

Rather than punching 50.0 in columns 3^—40, then, ", 50" has been 
appended to tht? key word. The comma is a separator character, dividing 
the key word from the parameter; the space after it is optional, since 
blank characters are ignored in this mode. Note also that no decimal 
point has been punched, for integers and floating point variables are 
interchangable when using free-format. For a realistic, full-scale 
application of free-format usage, see the data cards punched by the 
transformer impedance matrix program of Section 7.1 » 

In case the user wants to redefine the free-format characters 
CSEPAR (for field separation) and CHC0NT (for continuation), see 
Section 1.0g5 . This is not recommended, however. 

More serious is the question of which EMTP data structures can 
be handled by the EMTP free-format. There is no simple rule. Read 
Section 1.0g6 for further perspective. In any case, be skeptical, 
and always test the capability before relying on it for the coding of 
any substantial volume of data. 

For numeric data fields, blanks are ignored, no matter where they 
appear. For example, ", 10 3," is the same as ",103," . 

For floating-point numbers, either "D" or "E" can be used 
to indicate a power of .ten. Thus "1.E+9" and "1.D+9" are 
identical. Also, the plus sign preceding an exponent can be dropped, 
so that "1.E9" is equally valid. 


Errors with the use of EMTP free-format capability can be 
confusing sometimes, due to the fact that execution will not always 
be stopped immediately. A K T LL = 166 error flag can be sot within 
module "FREFLD" , and there should be a line or two of immediate 
printout announcing the fact. But there is no easy way to immediately 
transfer control to the EMTP error overlays. It may take some time 


before an 
which point 


IF ( KILL .GT. 0 ) 
the formal EMTP error 


error check will 
stop ("You lose, 


be encountered, at 
fella") will result 


Users should also be warned about possible precision problems 
with the use of EMTP free-format, as documented in Ref. 3, Vol. X, 

3 July 1930, page M3D0-10. At issue is the accuracy of the library 
function handling of FORTRAN exponentiation (”**" operation). A 
standard procedure . for avoiding the issue is to rely on the system- 
dependent READ (KK, *) operation. If full precision of the result 
is a concern of the reader, he should check with Program Maintenance 
about module "FREFLC" for his computer system. He might also lock 
at the installation-dependent instructions (Section 0.5 onward). 
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1. STRUCTURE OF EttPP INPUT DATA 


Any number of cases can be run with one job submittal. Simply stack the data 
decks for the different cases: 

_ Special end-of-job termination 

if required by user's system. 

Blank card for termination of case 
•Data deck for n-th case 



cardi 


-Data deck for first case 

Job Control cards (see 
Section 0.5) 


a) DATA DECK 


[ 


Each E’fflP problem must 6e fully described in a data deck (or 
data oase) which is composed of the following parts, in the order 
listed: 

1) Cards to begin a new data case. Included are a 
"BEGIN NEW DATA CASE" card, special request cards 
of various types (if any), and finally the EMTP 
miscellaneous data cards. 

2) Specially-requested extensions to miscellaneous data cards. 

3) Cards which define any TACS (control system; digitally- 
simulated analog computer) representation. 

4) Cards for linear and nonlinear urairouey, transformers, 
and transmission lines (or cables), terminated by a 
blank card. 

5) Cards for electric-network switches, diodes, ao/dc “ 
converter valves, awitched-resistance elements, find 
switched-induetance elements, terminated by a blank card. 

6) Source cards for electric network (voltage sources, 
current sources, dynamic synchronous raachines). These 
are terminated by a blank card, 

7) Cards for over-riding the internally-calculated 
initial conditions (which come from the phasor 
steady-state network solution). 

8) Node-voltage output specification cards. These are 
terminated by a blank card if the specification its 
selective. But if all node voltages are requested by 
means of a 1 "-punch in column number 2, then there is 
to be no blank terminator card. 

9) Cards for specifying Type 1-10 SMTP source functions 

point by point. There is one card for each time-step, 
terminated oy a "9999" card. * 

10) Batch-mode plotting cards (either for CalComp plotting 
or line printer plotting), terminated by a blank card. 


[ 


[ 
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if 



This data structure is for a single determini title transient simulation* which 
is the most common case (see next paragraph for exceptions). Often data classes 
2) , 5) » 7) , and/or 9) are not required, auri can simply be omitted. 

If data class 5 ) , 5) , or 10) might possibly not be needed due to the 
nature of the problem under consideration, then only the terminating blank 
card alone is required (and must never be forgotten). 

There are valid SMTP data eases which do not have the above structure. 

The first class of such exceptions involves usage of the EMTP supporting 
routines. Examples are "LINE CONSTANTS" (used to calculate the constants 
of overhead transmission lines) and "RKPLQT" (used for the batch-mode plotting 
of a previously-solved data case). The second class of such exceptions 
involves the usage of multiple-simulation features such as for statistical 
overvoltage studies (the "STATISTICS" feature of switch cards). Details 
of such exceptions are covered in the body of this User’s Manual. 


As seen from the preceding explanation of dnta-dcck structure, 
the blank card is extensively used as a terminator card, for various 
classes of data. Sometimes a user is confused as to the purpose of 
one or more blank cards, and would like to add some explanation of 
the meaning. This is e?jsy; just use "BLANK ” for the first six 
characters-, and the remainder of the card is available for comment. 

For example, "BLANK CARD ENDING BRANCH CARDS" . The SMTP recognizes 
all such cards, and blanks them out internally, before processing them 
(but after listing on the printer; they appear as punched by the user) 

Just as with FORTRAN programming, "comment cards" of English- 
language (or French-language, etc.) text may be added to the data deck 
at *my point. The punching of "C " in columns I-? is all that it 
'takes for the EMTP to ignore a data card ns it is inputted. Do not 
forget the blank in column two, however (this is a rule change since 
,the last manual of November, 1977, since "M21." versions). Guoh 
I comment cards will appear as part of the input data listing, but will 
be otherwise disregarded by the EMTP. 

Also, whole blocks of data can be so ignored by the EMTP if 
recourse is made' to ^DISABLE and 7.ENABLE cards. Refer to .Section 
1.-D , as well as the installation-dependent information for your 
computer system in Section 0.5a onward. 


Just as With PORTRAIT programming, "comment cards" of English explanation 
may be added to the data deck at any point. The punching of a "C" .in column 
one is all that it takes. Such records will appear as part of the input data 
listing* but will be otherwise disregarded by the S.'.TTP,. 

b) DESCRIPTION OF THE ELECTRIC NETWORK ; 

Each non-ground node of the electric network is given a 6-character alpha¬ 
numeric name. , Only identical sequences of 6 characters will be recognized 

as one and the same'node. Therefore 'VOLTS ’will be a different node than 
’ VOLTS'. ’ ' (6 blanks) is the name reserved for ground (common reference 

or local ground). Snet-ial names Which the user should avoid are "." , ' 

"TCP-16" , "HEIGHT" ■*, "KARGIN" , • "ST.XN'TH" , "TARGET" } "BRANCH" . 









Branches are identified by their data and the names of the nodes tc which 
they are connected. 

Switches are identified in same way as branches. 

Yoltage and current sources are identified by node names and are 
assumed tr be between the node and the local ground. If no ground 
resistance is involved, then "ground" is the common neutral. Other¬ 
wise "ground" means local ground. 



with Ground Resistance 


e^ is voltage between 

terminals A and A '5 
eg i 3 voltage between 

terminals B and B 1 . 



Voltage Source Current Source 


Node voltage is the voltage from node to local ground. 

Branch voltage is the voltage difference across a branch. 

Output voltages of the 3KTP consist of an arbitrary selection by 
the user of these two types of voltages. If one wants a voltage 
difference where no branch exists (or where such output is otherwise 
not permitted), the user need only add a very high resistance branch 
between the nodes in question, and request thereupon the branch-voltage 
output. Acceptable values for this purpose are 1.E18 for Univac and 
Honeywell/GS, 1.E35 for IBM, and 1 .£100 for CDC. 

A current source from node A to node B 
sources, one out of node A and one 

into node B. 


Current source between 2 nodes 
can be represented by two curr 



Thie representation does not change any 
impedances between nodes A and B. 
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Voltage source between 2 nodes; If the voltage source between 2 nodes 
has an internal resistance, then make an equivalent current source out 
of it and treat it as 3uch (see Point 9), Section 1.5). For example, 

1 

ft; etO X \ 


represent ass 


'£ —-GE>—>K 
/ e.uy v - 


If R. =■ 0, then the voltage source between 2 nodes cannot be handled 
by tni3 program. 

Voltage s o urces in series : If more than one voltage source is 
specified at the name node, the voltages will be taken in series 
from ground to that node. This permits the representation of a 
complicated wave form as a sum N 

cf different functions. NioSjgF'xy'' 

I 




Current sources in parallel : If more than one current source is 
specified at the same node, the currents will be taken in parallel 
from ground to node. 




tl t - t 






Simultaneous voltage and current source on same node; If voltage and 
current sources are specified at the same node, the voltage sources 
override and the.current sources are ignored. Both forms cannot 
exist simultaneously. 

Connectivity Retirement: With all nonlinear and time-varying branches 

1 ? deleted, the resulting equivalent resistive network 

which is solved at each tine step must be connected. 
See details in Section 1.3-D. 
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c) DESCRIPTION C? CONTROL SYOTf/.E 


lh©^pr6C6diiig summ' 3 .ry has considered only the description of’ the electric 
network { resistors, .capacitors, voltage sources, etc.). The modeling of 
control system dynamics is separate and distinct, as provided bv the TAGS 
code o.f Section 8. 


Contiol system clocks can take various forms ' Laplace transfer functions, 
summing junctions, nonlinear algebraic operations (multiply, divide, square root, 
etc.;, logical, operations, etc. The output of each control system block ie * 
given a distinct 6-character alphanumeric name, so as to identify the signal 
in question. Such bloojcs can be defined and interconnected arbitrarily by the 
user, forming a control system circuit. One such sample illustrative diagram 
is shown below: 



It might be^mentioned tnat any given 6-character alphanumeric name can be used 
once j.n TACS and also once in the electric network; there is no confusion by 
the ETHP, since the TACS solution is completely separate from the electric network 
solution. Such douole usage is in fact recommended in the case of interface 
quantities, to remind the user of the connection. 


Rote the one-way flow of signals (unlike for the electric network, control 
system components have an orientation, and are not bilateral). Signal sources 

either self-contained 
a), or can be controlled by 
switch current can be used 


which serve as input to such control circuitry can be 
(e.g», a sinusoidal oscillator, or. a step function 
the electric network (e.g., any node voltage or sv 
as a TACS source;. Likewise, any TACS variable 
can be passed back to the electric ne twerk for 
control purposes (e.g., the'status of an 
electric network switch can be controlled 
by TACS, as can a voltage source, or the 
field voltage of a dynamic synchronous 

of this type which 

•T’ 


' machine* Variable 
are passed back and forth 
electric network and TACS 
as interface quantities* 


between the 
are referred to 


VQtTAOC SOURCES *| 
CURRENT SOURCES i 
SWITCH CONTROL | 


VALVE mttrt, etc. 



(NODE VOLTAGES 
I BRANCH CURRENTS 
] STATUS CF SWITCHES 
[ MACHINE ANGLE, etc. 


Tig. 7 4 Dytusalc Interaction batvsen electric 
naevork and control syst^si. 





$-CARDS 


Special 


)perat ion; 


~D I 

p 

4 V 
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V CU. 



The dollar sign "$'• is conventionally used as the continuation 
character CHCOMT for free-format specification (see Section I.0g6). 
But when placed in column number one, and when followed by the 
appropriate key word, it represents a request for a higher-level 
file operation. 

The exact form of 3-carcs, as well as the list o.f available key 
words and their meanings, will vary somewhat from one computer system 
or installation to another. If r.o instructions are to be found in 
Section 0.5a onward for the computer system of interest, check with 
the on-site Program Maintenance. Should they in turn deny all 
knowledge, procure a listing of the FORTRAN code of module CIMAGE 
(see near the beginning of Section 0.5 for the location), and study 
it. If $~cards are allowed, there should be very conspicuous 
comment cards and DATA statements which define the acceptable key 
words. For the original VAX implementation, see Ref. 8, Vol. X, 


ffii j> \ 
«/» \ 
O o' i 
$ 

c c/ 


20 January 1980, 


ANFC-1 through 


One trivial 3-card function whose form is invariant on all 
systems (and which can clearly bo imp lor. on ted on any system) is 
the $DISABLE/ENABLE feature’. A .HUTSABLE card tells the SMTP 
to treat all following data cards as if they were comment cards, 
until the subsequent appearance of a 3ENABLE card. This is a 
very handy feature for big blocks of comments, or for the temporary 
removing of components from a data case without actually throwing 
the records away (one might want to later restore them). 

Another universal 3-card is the 1LtsTOFF/LISTON feature. A 
3LIST0FF card tells the EMTP not to print and interpret data cards 
which follow. This continues until a 3LISTON card is encountered. 

The object is to minimise the site of the* output file by omitting the 
listing and interpretation of blocks of data which have been tested and 
used before. This is particularly advantageous for users of slow (e.g., 
300 baud) typewriter terminals, to speed the printout. 

A third universal- 3-card is the 3DTAGNQSTIC,M card^ where 
"M" is an integer (diagnostic printout control variable IPRSU? ; see 
Section I.Oh, integer miscellaneous data card). Within the overlay 
currently being executed, this allows redefinition of the dumping level. 
When the current overlay is left, however, the 3-card definition is 
lost. Free-fcrmat is used for the ” ,M'* part, so imbedded blanks 
are permitted here, printout can be turned off later in the overlay 
U 3 ing 3DIAGNOSTIC,0 (remember that level zero implies none). Use 
of this $-card does not replace the "DIAGNOSTIC" special-request 
card of Section 1.0g7 (for diagnostic control overlay by overlay). 

In fact, this is why the $-eard definition is local to the • 
overlay: because IPRS0V is used to reset IPRSUP every time a 

new overlay is begun. 

—:--——>* 

Finally, the universal $VINTAGS,M card allows the user to choose 
between old and new data formats on a .component by component basis. 

Here integer constant "M" characterizes the age of the data (only 0 
and 1 have meaning as of the inauguration in June of 1980, for "M28.” 
versions). Data options will be described later in the manual, along 
with the components which allow -uch choice. 
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TAGS SMTP SOURCES . FREE FORMAT 

FREQUENCY SCAN DIAGNOSIS 

RENUMBER BYPASS . INPUT LIST OFF 

MODIFY DELTAT 



While aot mandatory, it is good practice for the SMTP user to fflahe the 
very first card of each data caae a. special case-separation markert _ 



See the sample data listing of Section 2. '3 for an example of this usage. 


Por runs which terminate normally, or single-data'-case runs, this card 
just described serves no operational purpose; it does of course appear on the 
00 -column input data listing, with appropriate interpretation on the left, but 
that 1 e all. 


On the other hand, should the EOT? decide to prematurely terminate execution 
of a particular data-case solution (with an EOT? error message), then a oase- 
aeparation marker does come in handy. The SMTP automatically steps over remaining 
input cards, discarding them one at a time until it finds Bueh a "BEOIN NE# BA2A 
CASE" record. At this point, a new data case Is known to begin, so the SOT? can 
correctly recover to solve the just-found following case. This is referred to as 
SOT? error-recovery capability, during multiple-data—case runs. 


Yet suppose that it was during solution of The final data case of the run 
that a fatal EOT? error termination occurs. In this case there would o« no following; 
data case, so further solutions would not. be possible. To distinguish this 
situation , the final data case should always be followed by a 
"BEGIN NSW BATA -CASE" card and a blank card —— which will then end execution. 

The clan,: card is in this situation rend as the start of a new data case, and 
lack of any punching on it-is recognized by the EOT? as the end of all data cases. 


It should be emphasised that "BEGIN NEA’ BATA CASE" 
cards must be properly positioned in the data deck; they do n ot in any way alter 
the need for blank termination cards (the function of which is explained elsewhere 
in this manual). The identity and function of these special cards is recognised 
'ey the EOT? in only two places: 

1 . Following an EOT? fatal error, such cards are watched out for, as 
other records of the input data are discarded. 

2. Following normal completion of the solution for any particular data 
case, the verv first non-comment record of the following data case 
will be checked for "3EGIN NE.V BATA QASE" . 

Any other placement of these key cards will generally lead to program boraboff, 
since the alphanumeric text will be either read or decoded numerically, which 
is insposjible, and will lead .to a system error. 



id ' 
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1.Ob Blank Card for the Termination, of EMT? Execution 

The normal termination procedure for the EMTP is to hare the first card 
of the following (non-existent) data case completely blank; by agreement, 
tbia means that there remain no more data cases to be solved, and EMTP execution 
ia terminated. 


In order to protect against bomboff by the operating systemlin the 
event that data should run out on the input file of the EMTP, the 
just-mentioned, final blank card should always be preceded by a 
"BEGIN NEW DATA CASE" card. This ia as per Section 1.0a . 



1 .0c Special Request Cards to Redefine Built-In Program Parameters 


There currently are three plotting parameters which are given default 
of nominal values by the SMTP, but which can be redefined at the start of any 
new data case, if this is desired by the user. These are as followsi 


Variable "LNPIN" 



.1 I'v* Mr- | rbM 

.gLaL jjglSIgjl $1 

PRINTER LINES PER Vm 

. , . • i 

. . .i 
. : ; . 1 
; . - i 

LNPIN 

sr\4-' V. ; •. 
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Uaed only in conjunction with the line-printer plotting' 
of graphs, variable "LNPIN" gives the number of lines per 
inch to which the line printer has been set. Since both 
6 and 8 lines/inch are common in the-USA, the user should 
check with Program Maintenance as to which default value hia 
particular program translation has been set for. In any 
case, redefinition is by means of the above-listed special 
request card which caz'ries the text "PRINTER LINES PER INCH" 
in columns 1-22, and the new desired value for "LNPIN" 
punched in columns 33-40 as IS information. 


Variable "SZPLT" 




3 Jv^V.S.5 4‘ 

PLOTTER paper height 

; 

i 

i * * 

S2PLT 

< 

m 
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Variable '’SZPLT" is the height of the graph paper upon 
which Calcoap plots are to be drawn. Protection against 
pen movements which would go off the top of the paper (higner 
than "SZPLT" inches, relative to the location where the pen 
is initialized at the bottom of the paper) is provided by 
this variable. The nominal value presently used for "SZPLT" 
is 1Q.0 inches, though this may vary from translation to 
translation; the user should consult with Program Maintenanc* 
to find out what built-in value exists for his program. In 
any case, redefinition is bymeans of the above-listed special 
•request card which carries the "PLOTTER PAPER HEIGHT'' 
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in columns 1-20, anti the new desired value for 
"SZPfcT" punched in columns 33-40 as E&.o 
information. 



Variable "NSmth" is a limit on the number of 
successive ups arid downs'Which a curve being plotted 
is to be allowed, before the averaging of successive 
ordinates'for all later time is to be instituted, A 
default value of 50 is normally used (assigned in 
installation-dependent module’ "SVSDEP"’; see Section 
0.5 for‘location), In any case,'redefinition of this 
variable is’possible by'means of tne special request 
card'reading "LIMIT ON PLOT OSCILLATIONS"* '; the new 
oscillation limit' is to be punched irf'cols. 33-40. 


Currently there also are three non-plotting parameters wnicn can be 
redefined oy' the user; if heed be, as follows; 



The familiar floating-point miscellaneous data 
parameter '"EPSILN" (see section'lion) is used far 
more than for. trie'stated reason ot'checking matrix 
singularity. Often the emtP wants- to know whether a 
floating-point result is'gettihg small,' and "epsiln* 
(Possibly scaled by'a power of ten)* is usually'used 
as the standard of comparison. This may occur in 
tne solution’of SMTP data cases which nave' no 
miscellaneous data cards; however,'so that tne user 
would' otherwise*have‘no control’over this important 
parameter, a "line constants" or "CABLE CONSTANTS" 
data case is such'ah example. By means of the 
"KEUEFiNE tolerance EPSXLN" ' request’card shown above, 
the’user'can’redefine this'value at will, Tne default 
value is "set in installation-dependent module "5YSOEP 

(see section b.5), and typically has a value of. 

i,E-8“ for realWb ’translations, and' lifc-a tor 
3b*-bit translations. 


Variable "kpartb * 1 i Lil.^ 

mm resistance!?.I llCl]lJ.i’1 4 .!. ....IS L. 
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Tne Type-bO to C .J SCE S.M, source component of . 
Section i, b2 is compensation cased « To ensure 
connectivity among tne armature pnases in cases where 
there is no regularly-connected j-phase or b-pnase 
line, nigh-impedance resistors are internally added 
bv the EWTP. Tybe-gy pseudc-nohlinear elements (see 
section *1.28) also nave large resistance internally 
added, always.' The value at resistance in both of 
these cases is normally based on the near-zero ron 
off tolerance "FLZERO" whicn is defined within 
installation-dependent module '’5Y5DEP < s ** 

0.5). for example, most REAL*8 translations UBM, 
VAX,' PRIME, SEL, etc.j Will have FLZEKO = l.E-1* . 
Tne EMT?‘ uses" resistance value mine » ,01/twc.KO 
onms,'or 'i.EtlO tor REAL*8 machines. Generally 
no problem'in’this case," But for iower«prec*sion 
translations um the 3b-bit Honeywell and Univac 
ones,' the resulting hinf value d ^p, and may 

be bothersome, by means of tne "KX„h reo 16 TAnCL 
request card shown above, the default value of RINF 
can be replaced by io**KPAHTB • The user 
control within a power of ten. 


has 


Variable, "STATER" : 
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Variable "STATER" is the synchronous power system 
frequency, in Hertz. This will normally be jO 
or 60 Hz , depending on the translation being used 
(the definition i3 made within installation-dependent 
module "SYSDSP" of overlay number 1 }« Yet special 
cases can be of interest (e.g., the 400 'Hs usage of the 
aircraft industiy, or the usage of both 50 Uz and 60 .2 
within Japan). In any case, if the user wants to change 
variable "STATFR" , he need only punch a card according 
to^he above format; the text "POWER FREQUENCY" is 
to be punche 1 in columns 1-15 , and the desired new 
power frequency goes in columns 33-40 as J3.Q 
information. 


I* the user chooses to alter two or more such parameters, the order of the 
™< m inwnterial. If the data case in question is a 'REPLOT" ^ case, 
^above-described parameter redefinition cards (if any) must precede the 
EPLOT" card (see Section I.Od), since immediately thereafter program 
n'fcrol will be transferred to plotting. 







If a previously-solved data case had miscellaneous data parameter 'I CAT' 
set to 1 or 2 , then the plot data points of that solution were saved on 
disk bo a permanent file. Should the user now, at a later time, wish to do 
Calcoep batch-mode plotting from this data, he need only precede nio plot cards 
by the following "REPLOT" request card: 



Cols. 1-6 ? Muat contain the key request word "HEI’LCT" . 


C 0 I 3 . 11-30: The date and time which are uniquely associated with the 
solution to be plotted are to be punched between columns 
11 end 30. This date end time will be found in the line- 
printer bending which' began the output ot* the solution to 
the data case which la now J a be plotted. Only the six 
decimal digits of the date and the s ix decimal digits of the 
time are required or actually used, with clanks or separation 
characters like "/" and ".." to truly ignored by the KMTP. 
Hence within tne column 11 to 'JO boundary, it is freo-fleld 
format. 

Parameter controlling diagnostic printout; leave "IPRSUT?" 
blank (or ouaeh a «*rc; for production runs. fee further 
definition associated with usage on integer miscellaneous 
data sard. 



warning 1 Sefore blindly trying tne Just-described feature for tne 
first time, a user is advised to first read the 
installation-dependent Instructions for his own computer system (in 
Section Q,ba onward). If "kEPLGT" is not expliciteiy mentioned 
therein, cneck with more experienced users, or with Program Maintenance 
of your organization, Tne "REPLaT" feature is quite installation- 
dependent, and may not even be activated on most systems* with the 
advent of interactive CRT plotting Cr.ee Section 5,), It is falling into 
disfavor. On some systems Ce.g., VAX as used at BPA in 1980), there may 
te restrictions as to the form of the file name (date and time), or the 
use of free-rormat only Crat'or than the fixed-format which is shown 
here). The fixed-format Just described was used with 8PA CDC during 
and before i978; it is retained here only as an illustration of one 
possible high-level implementation. 


’A' data case In which the user wants to produce Calccap plots by means of 
the "REPLOT" feature then consists of the folloY/ing components: 

1. First, a "BEGIN NEW DATA CASE" cord, if so desired. This 
• is optional, as per Section 1.0a description. 

' 2, Possible special request cards to redefine built-in EMTP plot 

^ parameters, as per Section 1.0c r These have key request-words 

"PLOTTER PAPER HEIGHT" & "PRINTER LINES PER INCH" 

3. The* the "REPLOT" card as lust described. 

4. Finally, the plotting cards, as described in Section 1,10 .. 
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IgOeS Request tor A ilocation of lotal TAGS storage 

TACS is the control-system modeling feature of Section 8, Total 

•.Orti” JpJS. &%11 !*«%.«.. u Tiu tn 

iirshiruwi;p.«i i. So*;, .m*.. 

«i?£a *4’ <S 'res tables. This allocation Is p.rt.ra.o at execution 
t"e? steering to the description 61 Mi Present section, tnanxs to 
tfce procedure of offset subscripting (see Kef. 8, Vol. VIII# 11 Jan / 
1979# page PEGV-19 tnrough 22). 

' The first way to allocate total TAGS storage is with a request for 
absolute TAGS table sizing/ followed by two data cards giving tno«e 
desired sizes i 
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The format for tne list sizes is (1018)# with the i§ TAGS table 
sizes having the following meaning i 
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Maximum number of TAGS dynamic function blocks# having 
Laplace .transfer functions H(s) . 

Maximum number of zero-th order TAGS function blocks 
(having typ^-code 0 or 99 punches in '•ol.imns i*2)« 

Maximum total number of input variables tf.* * 

dynamic function and zero-th order blocks* 

Maximum number of TAGS sources. .This includes built-in 
sources (e.g«, "TIMLX" or "UNITY"), and variables passed 
from the electric network to be TAGS driving functions. 

Maximum number of supplemental variables devices 
(type codes 99, 93, or' 8S punched in columns 1*2), 

Maximum total number of arguments of ail supplemental 
variables, (not supplemental devices)/ 

Maximum total number of numeric (not ALPHANUMERIC) 
arguments of TAGS supplemental variables (not supplemental 
cevices). 

LT8 j Maximum number of TAGS supplemental devices (Type codes 
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Maximum total number of signed input variables to 
supplemental devices. 
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LTiO i Maximum total number of TACS transport delay history 
term:;# plus TACS digitizer, levels# plus twice the 
number o': points for TACS nonlinear characteristics. 
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let Hil) be the dynamic order o t the i-th dynamic 

si!m*ii nn bi0C ?* ***** is the maximum of hCJL)+i 

summed over ail dynamic function blocks "i* n '■ * * 

of dyn f wic and zero-th order tacs 
of Ln and *12 !° tC? * T ‘ 2 m * y b * 1888 thnn the'auB 

Maximum number of distinct 6»cheractey alphanumeric 
names used in the tacs data specification. ' " ' 

I*ca*SJ*5SS*L?ii!! 0n8 !J? £ ?? tors o£ triangulariaed 

steadv-st2t* .Shi?* Ihi iiait WU«» to both the 
eady state solution and the transient solution, 

b? X the ffl us#J b ?L!^ T f C f output variables («* requested 
cards*. immediately before TACS initial condition 
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error message pointing to bist'i? . • *• ® 4 ftM *P 
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function blocks, supplemental variable/ 8 *?^’* * speciUc nu « fter *£ 
proportional' allocation fe a a*- 1 ?!! one c ? n ‘* w P*y reguest a 

blocks, etc.3. There fl^?*!* the ,n21i? tai stor *? <5e *«neti 9n " 
data cards firing the is pJopo?tioSsi ’ l * feqU85t **»•« the two 
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Identification, special complications for a pa«iJ“af sy°t«“ etc ,, 
f0 «“ “«V curious user night s«d“a usu ; 9 Of• ** 
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•’°* T H«,quest for saving ot "s tatistics" Taoies for Later Tabulation 
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''Tabulate ENBRSiOATiaN hMuwI. ? “section 1 ■.$11'!“™ 

data * tnoS 5 '' niCn c ? t ? 1 ° 9 *“•* Be ‘°“ any 

sivlng o" "?atY?cJ request c ? ra 15 >«qdlred tor the . 

• * * ot orAixsxicb” results for later tabulation: 
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The 3-digit integer field JFLSOS allows the u<ser tn .. 1 

M^SrSoS" decl ” il ««UU«a?i e on U ”, r ti«J d *So t fy a S' ttll 

iL*:;. ****** blan! < or punched With zero, the am shall itself 

Jith this S i^ ft fJ^ e ?K r identiflca tion randomly. The only disadvantage 
^f S K is that then the us ®r does not know file names before the 
?! h ?!e.!! en ? 0l Y ed ^ tbe rand om serialization will appear in the column 

1 SO interpretation of the 'STATISTICS Output saLVACE” data card)t 
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h- ._ .v??s.?? 0S ? com P ute *” systems which can catalog flies after thev have 

request Z card°can^eith C ?he 6 jSs{.des2?ib?d Cln 

dlscribed or It !L aPP *! r at the b - e dinning of the data case as lust 
1 j ? r tbe vef y end, positioned so as to be read as’the 

ft ' Uowin 9 data case, m this position? it ^s Jeed In 
overlay 55, hefore tne printout of the cate sugary staUatlci, Iv.iS If 


tne job bombed off for some reason, on the SPA CDC-o5uy the EMTP would \ 
regain control from tne operating system (provided tne system itself had t 
not crashed), and would save'the relevant "STATISTICS" files oy a call I 
to instailation-depencentmodule "STATSV" of overlay 55, But this is f\ 
the exception rather than the rule, Systn^s as nice as this do not seen) ■ 
to be built any more (those were the good ole days, when it came to jj 
salvaging "STATISTICS’' sim u X <i t i o n s) I f 


1.0e8 Request for Omission of Base Case of "STATISTICS"'Simulation 


The conventional "STATISTICS" or "SYSTEMATIC" data case i 
Involves a base case solution before any of the NENERG (integer 
miscellaneous data parameter? see Section l.Oh) energizations are 
begun. This is a preliminary shot right down the middle, with all of 
the variances set to zero, well, the user can suppress this extra, 
preliminary simulation by a special request card reading? 
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Resulting statistical tabulations are unaffected, since the base case 
solution was not part of the statistical processing anyway. So, if the 
user already knows what the base case solution looks like, he can save 
one snot, as well as some paper, A classic case is where one is solving 
one of several small pieces of a bigger problem, using "STATISTICS 0 
OUTPUT SALVAGE" as in Section 1.0e7 , It would be wasteful and 
unnecessary to repeat the same base case solution for each piece of the 
problem that is solved. 


1.0e9 • Request to Read Miscellaneous Data Cards 


The floating-point and integer miscellaneous data cards 
described in Section l«0h , For a conventional simulation, 
after all special requests of the type now oemg considered, 
normal simulation this is fine, and there is no problem. 


are d 
they come 
For the 


But in special circumstances, the user may want to define one or 
more of the miscellaneous data parameters ahead of time. Perhaps I 
-should not say "ahead of time," since in the extreme case where there 
is no simulation at all Ce.g., when using "LINE CONSTANTS"), such data 
cards would otherwise never be read. Anyway, the user can have 
miscellaneous data cards of Section l.Oh read at thi:- time provided 
he precedes the cards by the appropriate speclal-requ'st word: 


|—j ra rtj <41 U| <ej cMjj* r gj g r s a a - a; tt. aais; r.i a sir, a s-a; 3 g & a % ~ a ~ ■£ ~ H Si ? . £ - a!3j 

; ; . I -I • j 1 . ’ •• ' j I I 1 ; ' * I | 

Nisc£i.bANeous data caros: ..'7.' .17T[‘ !‘I r:jnzu }" : 77.7 j 17:7171777 


lO ££. O i point /msce.ll3oecv.s dztO. CS/hi..; j. 


1012 


>ni'e^e /^7 milcgtl^cLoJ's : dot a j~c 3 rQ.j,„ 


The user is advised not to do this casually, however? there should be a 
real known'need, and local Program Maintenance should be aware of the 
usage. 
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10 Request to Change the Frequency of Time-step koop Printout 

Printout in tne time-step loop has frequency controlled by integer 
Miscellaneous data parameter IOUT of Section l.Qh . But this 
frequency can &e changed as simulation time progresses. Begin with 
the special-request card 
shown at the *ight, and 
follow this with the card 
Of (KCHG, MULT) pairs 
of Section l.ib : 
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Xhls .card specifies at what time-step numbers the printout frequency is to 
b changed, and what values the frequency is to be changed to. Up to five 
pail's of step numbers and new printout frequencies are permitted, as per the 
following definitions: 


XCHG^ — Time-step number at which the i-th variation in the 
printout frequency is to begin. Printout for this 
particular step, number is always provided, as a 
beginning to the new frequency of output. 

MULT^ —i——» Modified value of "IOUT" (see second miso. data card), 
to begin at time-stop number KCHG. - 

i * 


A change in the printout frequency was originally provided as per 
Section 1,1b / if integer miscellaneous‘data parameter IPUN was 
given a value of minus one* That still applies,. But 2PUN also has 
meaning when it is positive! the punching of terminal conditions. The 
user may want to do both of these operations in tne same data case, 
which was impossible before (variable IPUN could not be both negative 
and positive at.the same time). The special request card of the present 
section resolves this potential conflict. Users may prefer it even if 
there is no conflict. 


1*0el 1 Request for Delay in Extrema Calculation 

The integer miscellaneous data parameter MAXOUT (see Section 
l,0h) provides for the calculation ar.d output of variable extrema* The 
same vector of extrema is used for ‘"STATISTICS" and "systematic" 
output as well, Normally, extrema are wanted over tne full time span 
of the simulation. But not always. There are cases where one wants to 
ignore a certain initial interval of tne simulation, only considering • 
transients after a certain minimum time, for example, in a A, ‘STATISTICS" 
simulation, it is'possible that random closing snail follow the opening 
of breakers (clearing of a fault), but that the peak simulation voltage 
will be produced during the deterministic opening portion of. the 
simulation, if ext:*ema were calculated over the whole time span of the- 
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slmuiation, each energization would generate identical peaks, whicn is.. ; 
[h- 1 !” J® designer. So, in this case, the solution is to inhibit ' { 
ulation of extrema until transients of the opening phase of • >•' 

!^?fU t if n ^ haVe passed ' Thls is Possible, using a special-request car<T £'' 
wmcn reads as follows; 1 
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l^allowec^to begin* time ** condi at which the extrema computation 
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Request for "STATISTICS” Table Saving at a Specific Time 


?* pl f* nd ln Section 1,40, Class 3a, a "STATISTICS" data cast 
r*2,,;r2J? lve , tne random opening of switches (rather than the more 
conventional random closing). The development of this capability is 
docimanted ln Ret. 8, at tt. and of Vox. IX, 6 Nov.nJ.r p»g e 

E,QVf.«i and 2 , Had there been sufficient time to develop this 
option, there would be no need for the special request of the present 
section* The special-request that is now to be described reaiiv lust 
represents a patch; if EMTP tables are straightened out at some later 
date, it snouid be removed, 

whi^K W fJf' riJia t ? e w? Ser wants t0 ma nually define the simulation time at 
which the EMTP tables are to be saved, so that each energisation heed 
not repeat the deterministic simulation up to_.this._point, he uses the 
following special-request card: 

-j-Mri.aicj.gd giaj wi art ,gj iif alaf 

■ time of oi ce' t: es.o: 

T£N£RS 

Variable TENEFtG is in /BLANK/ , and it is the time before'which 
no random switching can reasonably occur, if this variable is set 

equal to -FLTINF in installation-dependent module "SYSDBP" of 
overlay one'(see Section 0,5), which is the VAX and Univac usage as of 
March 1950, then we have the following cases: 


If a "STATISTICS" or "SYSTEMATIC" data 
without a "TIME OF DICE ROLL" special-reo 
reasonable positive tenerg , then intern 
dumping wiii be at time zero. This is don 
at the end of "OVERjS" , by the call to 
case, the deterministic portion of each ene 
repeated for each random, simulation, . THIS 
THE CASE OF ONE OR MORE RANDOMLY-OPENING SW 
aforedescrleed sloppy table.housekeeping, 
and unnecessary if there are no r.andom-open 


case is executed 
iuesi: card with 
al program table 
e in overlay IS, 
TABLES . In thil 

rgization is 

IS REQUIRED FOR 

itches, dure to the 
s.ut it is wasteful 
ing switches, 



2 * or ^''SYSTEMATIC" H0Ll " Card 1S pr65ent ifi a ’‘STATISTICS* 

or bYoTt-MATIC uata case, tnen the user defines the time 

which e tlBlerr t n e K deterrnlnlStlC portion o£ simulations at 
hich tables can be saved. As long as there are no ranuorn- 

1> a Jlan' (JS'| d ° 5? is ' to save computer time (if TENERG 
18 a significant fraction of tmax ) , 

•• _ -#1 , Cu ! re ‘? t CMdrch * i960) thinking is that aiL program versions to be 

”c,p? 1 o„ u i ln 9 r^%“T" ?v 93 ° shau *«•*Sv. -a« _ ssi?s«; : 

"SYSDEP" T?Point is the initialization of - TENERG within 
. 1 x negative initi&li nation is not pr^s^n**, tht» 

no 5«;j°}i[-,. In *?' Md ' IENtRG ' ls ; «,iS:3 

: WJW iS £ir ‘* tor the case of random closing, in this 

•manually 1 Hu't r de£inlng the table-saving time himself 

fails io*dt S ab^e^o2 ! ranaom-opening case is fouled up, if the user 
ca w n *- r automatic procedure by inputting a speclal-reouest 

r h 1 mu , n 2Tlr;, ,™ S would b * - dis * s <^ (wrong answer^ 

th# !J' d Xt is t0 guard ^cainst this worst case that 

Irl ? ne preced * ng paragraph were decided upon. if there 

are questions about this, or if the'second alternative are desired 

/Saln^nance? ° Penln9 WiU neVer ' ev<?r be USftci3 ' contact Program 


1 0^>13 


K e Q u e s t for P q q k no d & Voit&g♦* o< 


simulation 


| - I r4 **••! vij *»[ r • f»oj r„ <*■ , -FV-T^ToTTHE-, ‘-sTVH 

1 : ! •:!•"' ' i ; • . J : 

PEAK VO ITAvj£ MONITOR 'p 


For the user who is interested 
j.n peak node voltage, but is not 
sure at which node this will occur, 
we have the paper-saving alternative 

requested as shown to the right? -—.. .-.. i • ■ 

I b ® n '!*5?! ? nd oi thG simulation, before the usual Peak-value'printou 

USAVnlV,' 1,111 be 9eneratM » £ •«’« *r:. p is w 

son InJI?.r*i U ! IT6 ' 50113 PEAKND ( i ) , PEAKND (2), SUS{N6) 

5011 FORMAT (. SX, 38HQVERALL SIMULATION PEAK NODE VOLTAGE ». 

1 E15.6, 17H . 'TIME (SEC) =, 

2 E14,5, 12H . BUS a ', A6, 3H r , ) 

I^the e »ro2lem t: II^ H th I Pedk node voUage in volts, not in per unit, 
is no w5v of <orn ? r * Which step the voUa 9« U P or down, then 

voltage side pottin9 per unit P® a »<s which might occur on the low 


1 * 0ei4 gl guest f °r Allocation of Total U,m, Storage 

workiJrsbaJrtor i a?'? C ?^? CU * M, ‘! componen ^ <?« Section 1.63 has’total 
program J^b^'d^n^^ng 3 ^ r^c^oni!^)? 5 

time, accordina T Ms aiiocation is performed at executior 

prScidSre of SariabJe d?men^^f° n ° f ^ nlS sec *ion, thanks to the 
(see Ref ft b i e eS i m « r >sioning oy arguments of a SUBROUTINE call 

(see Ref, 8, Vox, I, 3 July 1974, page -VDTP-2 onward). 







Tne £«.;• st way to allocate total U.M, 
to r absolute U.M. table sizing: 


storage is with a request 


prrui’truj qrtrr ~ j 3 a r 4,'s s!am xs si si xi sis! si ~ si si sflisi sisi c 

ri r<! •* 1 -vi t> J yj 

.,sla.xba-! .tuu*) 

eisiaalsSS 


■ ’ 1 : - : ■ ' i K i ■ [. 14 i l-j-l-i 

ABSOLUTE U.ft. DIMENSIONS. .|.j 

hi? 4 

;.J LU i.i 
i | 1 3 ! 1 

His!/' 

. i ■ 1 • ! ! | 

r TQ : ; 

JLhu—-I 


[ l : , i 

| NUMFIX 
lLL,:4 —J 

iafcix! 

L 1 • ! luJ 

! IBS 'IX i 

, 1 1 1 1 1 


N'CLFZX 
( 3 3 * 4 0 ) 


ti'JXF IX 
C41-4U) 

>r n (»< ** T V 

X w i » Ju a 

(45-56} 

IBSFIX 
(57-b4) 


Maximum total number of U.M. coils in the 
data case. This is the total for all U.M, 
components involved. 

Maximum number of U.M, components for the 
data case. 

Maximum number of U.M, output quantities 
(total for all machines). 

Maximum number of U.M. 6-charaeter 
alphanumeric names (total for all machines), 


•fc 


f 


rrov.. 2 «d the total storage represented by this user request is less than 

~r equal to the List 25 space available, execution will proceed in a 

- < , ~ a snion. If not, this fact win be noted by module "Um oF f3 " 

ct overlay 5, as the first U.M, data component itself: is ready for 

*nput, and an EM TP error stop will result. In any cas f*, the 

fj3^?, nair>q •' ninitruin size £or L£ st 25 will be printed out by 

*’ a as part o£ the column 1*50 interpretation of tne ’iyce -19 ft 

- q -favfn, f ? r U ‘ M * ™ odeli " 9 ’ This *** the user Knows w h » t faction 
wt the avaiiaoie space he is utilizing. 

f-r *e’^• , ive°sfr *Vn * to tal U.M. storaqe Is with a request 

I?; n *l t &r r f tr, f r than request * specific number of 
c°.g! 4%‘o* *ne JJ;:, 0 !! CaR Si::iDly request a proportional allocation 

for such an allocation is: —»f. *ne format < 


^£1 ritrr-g=aj«a»*sj* t j,iais iag ) igi ,, a ! a2 - sta | a ; y;,,,,, . ss=w„- -i .... , 

RELATIVE D..N. DIMENSIONS* !j.['ITT"- 

i ! 1 1 ; : 

1 -.to •••;• 

Zi 3UJLLH "•■‘‘T ■'' i ;•-[*• 

.■[iir:l!ris!7 


a ef ( n x ^ ^ _ 

iJNCUh 

] jNpiV): j {j ioifTl 

.JieS; 


one with tne four tabies°as *-<pter< *° Ur fieids carresoond one to 

tacle. m order to use this * effect dVtii -«- a Ple space, for tnat 

of the four tables: * “ ct * ve -t-F' one must Know the multiplicity 

R*£AL A 4-n - 

INTEGER 4 12 2 “ 

For a CCt3;j?»r ^AKliaiRIc o 0 0 1 

ii'Aiis xtriitdiiJt'J *’" >> • oS r ;ra™’; B r t , r . 

conpcnents m o Mer ^ “yg -- « ‘--on j- 









As an example of suppose that absolute n l l an* that *c a fj#ac«4 

to bo balanced or« t; h p ortou.lt ones of r no f.mtp ? (i?0, i, 30, r.oj 
Wol.1, op*.' for. In q at bJ'A on our VAX, tn* weighting (A, i i, j, j t 
Procluces ten? associated relative dimensions f ivo, r,’), '%<>, or>) ’ a 
the data card "I'lU.AT.t vr; u, m , dimknskw«, u.<j, t />, 30 . n 0 » 


placed at the 
numbers would 
Involved. Of 


9 

**c-* 


top of 0 (lota deck nth Involved U.M. WjeUng* tr.*A* 


then 


nevar hav** to be aUfr«fl, no matter now rJmny macr.ln*»$ w * f a 
course, if tner«* v«r« too many machines for tn<* available 
memory, there would nr* « n overflow error stop, nut tht*- could n* 
corrected by r**d t.mens l on ing the kmtp with larger List 2'>‘, without 
touching the RKbATlve U.M, dimension.*. card. 

If tho user folia to Input one or the oth«r of the abov«* two ait?\H 
which sparUy - U.M. fable sizing, then the kmtp allocates absolute 
u liiien.n.ions In " Uif (•",*," or overlay 3 which equal (VO, i , 3 '), f, 0 j 
These, then, «r* default dimension.*,, lor IMM, VAX, PRXMI,, and 
blst 2 ,i size of 100 Is sufficient for this usage (and It corresponds 
to the default allocation of VAPhiM for List X L j, word machines will 
nm»*d more (n«y calculations show that 410 should do the Job), 


i-Xie e *; t to Restart. a Halted SI mill,-If. Ion 


Integer miscellaneous data parameter kkmav win result in th* 
dumping 0 £ KMTP memory onto disk at the conclusion of 1 simulation 
(l.a ♦ , at t 3 Tmax). for those computer systems wnlch have allow 
this capability, such « simulation can be re*, tar ted, as documented 
Jn Hcjf, 8, Vol, X, pagination Mil bo, 1 . hiiy 1980. Also a e e tne 
following memo, which contains modulentJons. In th* present 
material, it ahflll be shown how such a halted simulation c«n b* 
restarted using the "START AGAIN 1 ' request. 


The request to load those 
memory contents back from disk 
is ot the form shown at the 
right. The request-word 
"START AGAIN" is univernl, but . • ‘ 

the file specification which follows will 
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, r. j.j.j. j* 

, | i ‘IT 

ita 


! -I «j *•? > [H 

ft *' f»*W 1 *» 

! ixii 

l* l.r 

_ j ; » ■ 

1 Vi r 

LJ.-1-rl-r-r-l rnn 

dpfiij j 

1 » j mTj 

butTTTr... 


___ depend unon m* computer 
system being used. indeed, there may even b-* more 1 ns fa J. latlor¬ 
ds pendent information on this, data card; consult the Instructions 
pertaining to your computer version eit the front of. the manual before 
going further. 


\%f\ 


; i •' ! ! 
S rr r\ 
; | f{ 

dll-Ti 

\ '■; 

: i 1 

i ; ;r: 

: ;V; 

1 ; : , 

| J , 

1 1 ' 

1 

i ; 

• i 
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The 1 u j, t - d escribed r 0 g u *• t 
is to be followed ny an arbitrary 
number of cards which redefine 
switch closing times Tclose , 
terminated by a 9993-card (in 
columns 5-8)., Gee formats at 
the right. Here "J" Ir, the' 

3 witen n u m d or, in o r d e r 0 t > j a t a 
input. As a general rule, only 
time-controlled switches which 
are open at the end of toe 
ha.lt ad run can be so modified. 

After this data, tm/.v can be 

altered with a " M i 5 ’C l ; : l, L A n E 0 ij 3 DATA CARDS" request of Section 
find tnen a "Time step loop" regup^n of Section i.Oeis actua 
transfers control tc the time-step loop to begin again the simu 


im 

I i i (U l| l.l 
! ! 


! 
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-LL 


J 


i,0e9, 
iiv ' 
lation. 






rt £* 


A £ '' 

w .s': 

? e r is 


C «“ f 1 C H- 

;, £ s t 3 v; 

- • '* V < ~ - 


~ ~ ~ f- * ** , ‘» fc-' J* A ^mvVU ^ ;i J, i i, l i ^ ' 

st:o? numbers begin where the previous ha * r 
- isr T/’AX a 50 msec and DELTA! a 100 o.L cros.'V,' 
':ep would os for number 500}. Yet the i:ohou 
- 2 £ ii reguests nay be accepted by the 

V ^ <r n £ r 00 sslh.lv h* hrtrnn ** *? %*V |£» 4* 


■ w *^*a £ li requests nay foe accepted bv the '■ ^ 

ones can not possibly be honored in £cct. ^nV- 
:c...p*e is •'REVJ.MSER BYPASS " of Section l.Ogg j since 
,.: S f e skipped (control is transferred immediately to 
* v "" J ' c • ■ £re 13 no wa Y node renumbering can rt ,•" ter. ri 
r- «»• n««t« »MCI> Kin simply «.*« woncwb £ * 

;.•£*!“ .?* “• •••ory content. to bo retorted 

r r : tiJ . lsi!t « »* provide ay of tne ‘“ d - 


:** tne u 


'*■/ -ucn usage; 
u.'e s v~e very rea 


;:*“:L Sn .? pe : aciRg system interrupt Of some tsV'A 

v. * -* a> iV a * C* 0 G t. 0 b Q b 0 u h I f't'Pl ! ^ * 


*«: e 


Transfer t o the Time-ste p Lo0p 


. , “fg, cor -junc?:ion with the 

• - a • * * , ° = -section 

appasrsnee o£ the 
c ^d will begin 

Zs -e tiselstVIoo;!* 01 C0ncr0i 
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iZ 

1 ci f*l| U-, 

_1_L . .. 

II 

na 

J..L 

Til 

V.’>^ y 

fl::f 



. . loop. iJ..uii..uj.jjjjxn;] 

* A * «•» Ml 

—-~' jSv ^ 3 » PbSuPrccia*: «<*,-. p , Qf f,,. .. , 

P1Qt ££le U sing TAGS 

c«s — :tl* f^ r *. c “ use <* ior the oostorocessirn 7 ~ 

- •»*.*««« .n «et, 8, y a i v 5 ‘ , ,• r0l - es sing of plot files *« 

2 s caaI * Cr * ec! that* this is i, c ; a n pdge m ^D0-6 w Vet the 

*ncse computer svs-enis wm a 3^ ac ^ 0n "^ e P en dent(. and will war* 
-* ;;lc oii -- *«. d=dui e s ^i^ E ;« ci ' ho " ot a •0L0Fii e dn ?.;“i t ,,oii ‘ 

a * "°e*a» versions, the procedur. . 

= rccessor) - a r-.%^‘ ,RecS the old plot fiier?5 dUre is summarized 
L "" ::;2 “sing soldfue : ' (lnput t0 the post 

'=•-. CSEEiEEii] i f™i 

w«d«« n«'-e £ "h at! can not be lhdH^T d !- 

ee*Pat.r;;, t ^«* ojoyid consult the spic'd* f ha l"«t«U*tlon. 
*h ta =« the i/5 *;s (section 0. 5 a onward) if 1 ! in£ ornation for 

‘y*s '*1-1 oe -J n «nber that .-.Ibl* . As for LUNXT2 ** thi. 


rtrr . . A nCg S 0 U T CJ ^« i r> ~ 7 W,US PAQt fij 

the connection fp.r Pos£p r ocessinc°£ d * r by tb< 

•-processing by . the uses 






4C-6 



Next centos the Key request, 
as shown at the right. This is 
« universal card. Here H XPLOT" 
is to be an integer indicating 
frequency of' the output, not 



unliKe the miscellaneous data parameter 

of the same name. For example, if IPLOT a 3 is used, then only 
every th*rd point of. the old plot file shall be used. The most 

common (and least tricky) case is for IPLOT s i , so that there 
btq & & m & n y output points & $ t h £ r ft a r £ input on^s # 


aTn«"t h I«SS t * Case jS con ** >leted cards for a TACS-only (TAGS STAND 
ALONa.) EM Ak aata case. There are generally to bo as many TAGS sources 
as there are variables in the old data file, with 6-character names 
eing arbitrary, in the order defined, these are automatically 
(internally) connected to variables of t;.e old plot file. Most post¬ 
processing will involve supplemental variables, tnough function 
blocks are also useful (e.g., 1/S for integration of voltage to 

give flux). 
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farr'v.-.bfi-.ior Mode-Voiturne Oue un nearest for 1 'ij -itri out*--! hints 


There are cases where aoae-voltage rather than phase-vol -8/.;e output xs 
hired, generally for eaucationai usage of one fora o ■ fcne other, Now, 
j: rtri«utr:d~p:\rn,vc?ter transmission line modeling of Section 1.26 uses the 
i'arr-uirauor transformation to decouple the multi-conductor line equations, ,o 
rx'.-n ureal output is quite natural, and easily provided, Wien care, the unor 
can request the darrencaucr components of voltage !:o ground ufc both, entss of cue 
f :trioutod-parameter transmission line., as shall bo deocribed shortly. for 
to Scot.'or. •*-. 1 for a definition of the transformation in question, including 
specix...cation of tne natural order of the modal variables therein. 

first, before input of the miscellaneous data cards of Section i„:;h, tne 
user must declare his desire for modal (voltage) output by moons of the 
fo-icwing special request card: 


*t v>". ‘ * : ' ! 

jl <»‘i 4 h> . U ^ 1 ' ‘ ‘*+u.l i k u J ■ 


Moooor} 

• i : 1 : ! 

’ ’ 1 j ; i i . . . } 

"f O i 

JlC . ! 

---- 


ucis. 1-19 : Enter the special re peat word "MODE VOLTAGE GWrtZi 

Colo. 33-40 : Enter the roaoer of pnases (or coupled conductor) 
^nuen aa.ee up the distriouted-p.tu-un.uter line whore 
.•»oua* output is desired. A bionic or zn.ro field will 

f 1Ven ierauit Vftlue r -qual to 3 , whicn in tr,t 
mosc, common case, of course. 


a * social r^cuo??. 
.ix:i «?i * ner prc?c ? ied *: 
-- sired; corjr: ;-: . 
: :irse (using ; 


'f can 35 Preceded by a "rEUIJT : 77 .V r A d »a 

4,C4 ** 4 ~'- carca or; ocenon i.. ;Cr , 

«u»i»o oe iTiixecJ ’ 5j , r i;ty wn&* 




■*•** ^v’xUiTis 1 and 2), 


t or 


*r. .■* h. 


*^*'^*V : *- v -/c.r constraints on ■» u; , ur r j, p . 


' :ir.t i 


^ ^ " * *" w *■* * ’ w ^rsiic**t ei' x t oV"irs1 on l-’ 

l^~Stl 2r no - e volto^e cuipu.t) sugt" 

r^L™ :?C;iatel7 * rM **e tr.* *bl V "'-'*r7 ’v/bi': 


ne in cjue^t; r., ( for ’yrri r,, \ 
oe trie di r\ »;u 


rr ^ 

v -~‘ first bran 


•* ?-tof tne data case shei 

„ir.e "i - .,«-*< ! ;r‘; ' b *T- cac3 * r3a e-ch no- 

=■:-• * :?;;ual t n n ®D er 


c: 


£ -. T, jC‘3l d T' oi* 
i ■. j '* < Vs’n: V'***’ 

• ^ r* p ^ ^ N . • / • *' f 

^oy recircivt vr, M .... ^ . 

3D a -3 tr -a.—‘ . wr.t}-. ,.»sj .no:;t: be 

jr.-mnn-current -> i r - • , 

* » - f ,/. ? o r*. 


.— * -'.•r tvrico - *< . . ..' ' u • *j ?c r*. 

rjt F ~ 1 , ^ ^ ^ >- O ^..^,*.^5 l* r ,.Cl U * t le *\ >■* -,>-.*1 - 

‘ v cx wHecii r n ‘-" : /' ^ -•«. in 'pj^' ioi' K 

ir*.- J y nOn • hr?- - *■% i . ' ^ 

... Cr * -” r£r5 - computer systems)‘ ' ” C ’ : ' Ci ' ziceptMb. 
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So much for data unut. . 

his Xarrenbauer mode voltages tr the '’out-***' rTJ*** 7 ? n ’ the User w111 find 
been reserved for the branch curr-it- of ^ .tf~ U ? ns whieh should otherwise have 
feature U a Unk tricky. tw'VXXlf *«• ls «*V *« present 


to this effect, is printed MBBeriiatplv b-W 1 ?° . atural ***•*. A reminder message 

variables, so the u*er will ZT+r-Xi ?> Ul * C ° W iieadi ^ 3 ^ the output 

Plot requests (see sZtl* \ *? * tha * if «« is plotting, i :ype ! g 

modal voltages are currents in lif o “IT.**" **» thinks that the 

were supplied by the user. " D nigh-resiatanoe brancheu which 

'•♦Og gpooial Bequests for Tran**'*** -, , 

- 1 - hi n g Provra n» 

w '..r, 5 ... pj.ogra.rs are not part of tu^ .. ,., 

a.re sometimes used in order to compute n^VVr pr0Ces * pr °P« r » & ut 

the setup of a data case. Those * *** wiucn are nooded 

appended to the SMTP an "auxiliary ^0 ^-It ;,' rooeciuru3 have been 

controlled by key request words'.wY^T 7 ’. acccss to wh:Leh is 

supporting programs wns ch «r* /... '* (< 02u,:r - nea “he auxiliary 

the associated key words which o^ua-i-V iZZlZZ <■■; beio « a liBi of 

......._ 
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A data C &30 to use oru nf i • 

following structure: * •--*-<>- <- -clary supporting programs then has the 

l' ;;:::! klv ° a - 2 ” ************** (optional). 

•* 'woid rscc r abovrii 5 t)?° COrr?Ctt desired spaoial request 

3* Finally, d^ta f*o~ +i.-> 

. This is coapieteir' , de 3 criw“w Pr ° g T ^ <?ue8tioa * 

yLl ' 1 1 xn section /. and thereafter. 

















1-Ggt IVclarabior. of Ini on ti c- -', to il’c Ana'iyd.y g 1 v - uk 1 . tnc«_Typo 1-10 Sources 

As explained in Section 1.6, .source typos 1 through 10 are reserved 
for functions wnich are directly defined by the user. If one or more such source 
iuac.jOr.b ia> to be aetinec xn tfOdi.dAK wztmr, a special user-supplied version of 
t'ubroui.»ne 'biKAlh1"’ , then tr.e following special inquest record must precede 
input of the aiiscelier.otus data cards for the data case in question: 

I ~j *s‘p **i *. .j w j.*| mtrj ?:, .j.’’ ^a" n .t. , .nrpr 

jHj f; |i..rTTTTT". H“i’~rTTl v t 

jjf.C,, . ui OOhC *iS. . I 




I I ! 


J'f uaf?r ' s res pons ability to to it that his own aoecial module 

ANALY’?" has replaced the dummy one which comes with the program, when 
actually executing a data case which contains such an 
USAGE" x’eouesi. 


"AivAXYTi'C COO ROES 


' 1 *°£'“ . declaration of Intention to Use TACS- D efine-d Tyn P i-xp Sources. 

/r. explained in Section 1.6, the source tyros .1 through 10 are 
reserved fen- £ unci; ions which are directly d* fired 
If one or more such source functions is ;:o be w ^.'.- : n taco 

a signcu. whose value is dfiter^in^.d by the: user—Ji j ii rvzd 7AC*-’ ^ac .3 

tl ; esl 5y e following special request card wust prL:ce<ii 2 input of che 
Viii.s c '.a lian^ous da t; a carcis: 


* 

|TACS ERTP Sot'fcif 

i } * ' 1 

j >\‘e \ ; ( \0 ( 

/ ” < *. r i ,<•>. •* fv ,*• 

* . v . I h f fc :*hO \ : 

Px /* 

f.'-w 

“f 

A& 

. A?’- | 


j 1 ! - j 1 3 

^ - ■■ 7 t 


1 

i 

n.. 

10. j 


? KvlO’J \jf iVi-.i ; irlAl'i *’i rt'V. 

\ ffir.tr'j] <i L e-- v L c n»‘ -n <*u ,-c <: ! 

i »w; > 




nrct, the special text "TACO EMIT COURCEU" is to bo punched in columns 
c’-t.a. ..hen, ix an oH? e.Leciri.c— network vcltsv 0 cc cur v, prt 
source of type-code number K (for K between one and ten) in to"be 
controlled by TAC3, the 6—character name of the controlling TAf,'. variable 
is to be punched in the X-th name-field of the card. Of* couWi-' .--rV'such 

*'?? Punched on this card must be defined as part of thy TA03 data specification 
of Section 8. . . , , . 

W"’ 5 aaco simpler source type c>0~99 in Section 1,6) 


1*0gp declaration of Intention t o llv? the "FREQUENCY fCAP" •p«r-tr , 't? 

The "PRSQTJ13KCY 3CAX" feature of the .E.'.TTP allows for the repetition of 
steady-state phasor solutions, as the frequency of sinusoidal sources is 
automaticalay mcrementec cotween a beginning and an ending frequency. Rather 
than conventional X.YT? time-response output, the user then has available a 
irequency-rcspor.se output. When plotted, the time axis of conventional EMT? 
simulations becomes the frequency axir., with the result being a Bode clot. 
tOxar coordinates (magnitude .'and angle of the phasor solution variables) are 
usou for output purposes. For example, the following could aoply to the node 
voltage of phase "a" somewhere in the network: . ‘" 


n| V -- ^ 






4 e - 2 . 


A iv a t 


/ V a = IVal £JL» 

* \ 

* 

V 

\ 


* 


. c?v. 


ire^ucncvj 


'a 


Vs’ IVal/i? 


* *•* 






** U8 ! r desi ^ e *° aake a "^-^OSWY SCAN" simulation, then the 
following card must precede input of the floating-point miscellaneous data 




fF^r-g ~‘;a ya^g^afa^^fa 

* 

HSs3^?ai 



fFRlQUEMCV SCAN : 

E*.0 

Ef ,0 

£3,0 , 

18 


^hnni 
i_ l! 

•jxin 

- t • 

i i 

■ 4 ' • 

..j J roax 

fN?d: 

- - ... 


rain 

Af 


Beginning (minimum) frequency of the scan, in Hertz. 
This must be a positive number* 

"“"*** t *- r frequency increment, if the user wants uniform 
spacing between adjacent frequency points* In this 

f*f* . -P _ O a .N. ». ^ . 


case, ^ic+1 58 + Af * If logarithmic 


max 

NPD 


« T j K. ~ ’ —-'O'--■ — "»*“*•* v. 

V, geometric I spacing between adjacent frequency points 
is desired, this field should be left blurt*. 

- Terminal or end (maximum) frequency of the scan, in Hertz. 
This must be greater than or equal to f . 

' rain 

* For uniform spacing of the frequency points, leave this 
field blank. But if logarithmic (geometric) spacing is 
desired, this field is to be punched with the desired 
number of points per decade. In this cnsa, adjacent 
frequency points are related by 


K +1 


( io ,/KP “ )-f„ 


tt^nS 01 ® 1 attention should be paid to integer miscellaneous data parameter 
*£*” ’ 75 ea the "turner SCAN" option* .BO* the Section I.Jh 

^ *?“??? wlth unity » th ® fuX1 steady-state branch flow and 
injec.ion printout will result, for each soLution frequency of the scan. This 

ooSts P is lArJ arg R ^ ttant J^ a f of printed output, if the number of frequency 
point® is large. Be careful (save a tree in Oregon)! 

fS ept f? r the 4 u ®t*®®ntioned full branch-flow and injection printout, 
only no^e-voltage output is presently provided for "PBftJUBNCy SCAN" data 
JfiJj column-80 punches for branch or switch currents, voltages, powers, 
and energies will be disregarded by the EfflP. Node voltages are outputted in 

The Printed If*? a J sni ! u,le Preceding the angle (which is in degrees). 

VeCt0r f ° r each f requenc/ is composed of such pairs of real 
es, ip the order t.iat node-yoitage outputs are requested by the user. The 

















frequency in question precedes the first nnd»>-vrH^,.« „ . . , 

first output quantity of the verier* tvi 4. ^ ' ’ ‘ a £ ni * s the 

SoX ™ 08 * heading s.^-^T?^^rsr; 

Iype4TaSSlei! tti mrSS’for e tSrrdInti? !e3 tf re aotua11 )' <*«■«•« » s 

pair of 6-chara. tor alpha^m^Tc Joti Jk“J? °f ° aCh by a 

by the E.MTP —— either "MAG " V Q r th» m is in ' t f rnaii y generated ; 

the angle; the second Lne itthe nameof the°* ^ " for 

logarithmic frequency spacing (variable "KPD" positive t ? °fi 

base-ten logarithm of frequency which is written^m+n f the 

rather than frequency itself. Preauencv (a* +h« i t0 file 0f pi<>1i P oints » 
replaces time as the independent variable for ° f fre ^ uenc y) then 

Appropriate labeling of the freeua^v ? P^fting purposes, note, 
punch on the plot efrdt * W ^ axia ia *V the choice of column-4 


If the user needs branch currents, 
or voltage differences, he is of course 
free to add one or more measuring 
transformers for this purpose. S' 
Section 1.25 . A 2-winding 

transformer which draws no 
magnetising current and has small 
leakage impedance should of 
course be used, to ensure accurate 
measurement (just as in the real world 
of instrumentation). Par a voltage 
difference, the primary would be 
connected across the two desired 
nodes; the turns ratio would be 
unity, and the secondary would be 
left open circuited, with one terminal 
grounded a See sketch at right. 

The just-described sampler of 
voltage dilference can be easily 
extended to measure current. If 


nodes "K" and ”?,?< arG the te mmais 


ol a resistor which.carries the desired 
current, then the measured voltage will 
equal the current if one uses a turns 
ratio of R s 1 (see sketch at 

right). 



R: 1 
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1.0g4 Request for Bypass of Transient Network Renumbering 


Sparsity-based node renumbering is normally used on the coefficient matrix 
^e time—step loop* Aa per Scheme 2 of Reference 4* nodes are thus 
renumbered ao aa to preserve sparsity during the triangular factorization of [_ Y ] . 


But, the just-described transient nodd renumbering can be bypassed (omitted) 
if so desired, by means of the following special request card which must precede 
the miscellaneous data cards: 



In such a case, nodes will remaizmumbered in the order that they will be 
encountered upon the reading of El®]P branch data. On any one branch card, it 
,1* the left node (data field "BUS 1" of cplumns 3-8) which is processed 
' b fore the right node (data field "BUS2" of columns 9-14). 


Actually, more than just a bypass of transient network renumbering is 
, involved. By agreement* the full. (Y } is to be retriangularlzed whenever 
; . , UJ ohanges (e.g*, when a switch changes status). Switch nodes and 
i ’ Pseudononlinear element nodes are no; necessarily eliminated after unknown 
voltage nodes which are not in this class, note. There is no partition-A . 
triangularization outside of the time—step loop in this case. This is the whole 

rationale behind the use of the "RENUMBER BYPASS" feature-- there is no 

artificial forcing of switch and pseud on onlinear-element nodes toward the bottom 
of the matrix. • 

• , > 1 • i 1 , • 


Use of the "RENUMBER BYPASS" feature is not recommended for beginners. 

In fact, its use by even old hands is rare, and is recommended only for very 
special big problems. One such example is a full ac/dc converter representation 
. which might require 50 or 100 EMTP switches to represent the valves. 












1 '° g5 ILB.gP.ifl catl on of G a nges in Tim^Stg^ Size 


The size of the time—step "DELTAT" . ,, 

of a simulation, by special requ at The n?!?/ al J tersd during the course 
card (see Section l.Oh ) onlv 'aneci-M* la ®ting-poin + miscellaneous data 
wWoh.ie to apply at tta ^ °* «* tlaa otap, 

can be altered at will by the user hv m«o^ imU i a *u 0n * hereafter, "DELTAT" 
cards which must precede input of the miscellaneous data°^?f 3 f Pe0i al “ requeat 


Jtoit 


Begin with a card which has the text 
in columns 1-13 , 


.... *OPffY DttTAT 


"Modify deltat" punched 


ffext » 


to be changed^th^user^^to 11 tim f that the ste P“ aiz * "DELTAT" is 
tononne fo™u 18 *° supl ' l3r * °* M *M«h la punch.* £ t h. 


; *1 • ’ 

PUSaiSiBISg^g- 

r ! QTii=: a 


|j«Pi4 


* * ; I' 1 , . f 

3 

ster 

tTT?h • 

-IX- 


DT, 


HIS. 


u th. ■ 

s."S2rrsL^*: * hieh 4 * “ *» 

-ssasp-txr' 

«w. sSaSSsrt,« pi t" ,out 

Recall that the fJeoSno^i^i! Valttt * not,) * 

at the value aoeciJi^H kJ !f \ he pritttout; **11 begil 

data-parameter "IODT” [see's^tlST “^°*^ ant0U8 


m 


V 


data“parameter 
Dike tfPR 


v .. 


k i f , oa Dy Yor plotting rather than print 

increasing)**T * ? ** Theresa no restri.oti 8 triot J;^ incr ® as ing (monotow 
valuta vis-a^vis the actual h* f 10 ? 101 * oa tlie first and last 

; ending time "TMUC” Of the simulation^h *££» i’™ 1 *" ** th ® m0%w 
ignore those' requests for chanSfwM 2*. Xogio 18:111 «i»Ply , 

tt tims window" at the stoulSJof do aot ° 0CU1, *«*»■ the 

<*»anges to "DELTAT" is fixed by EMTP S'? T* ar ® f Pemiaaiblt 
user control, .As of June 1977 , • j 213 ls not under 

users. A * /7 » a ltBJit of eight was being imposed on 








"i v** t V 


40-5 


Finally f Ihdic.ne the end cf the preceding cards by means of a special 
Finally r record wu , b ‘hae ”9$99« punched in columns . 


terra! 

13*11 


Aa an *?./•*'..lie of the preceding cards* consider a case in which *'t>EHEA$* 
starts out n> 100 microseconds on the floating-point misoellaneoua data ca . 
Two change in this etep-aise oould then be produced by records Sheh aa the 

following: .■ • ' . . . ^msas^rm! Ju-iMtuat 






' *0.001 <A ’ i: I: l.tft.; I •: •>1Li U ■ ■ 

i •,fetid• l Lftfiiill.el. 1.1 ■ 


mi .IIU4I u 


At’ 17.6 msec* the step-aiae i* to be increased to 130 psjc, with the . 
printout of every 20th Poih* ®nd the plotting of v*W JS[? * 

50 msec, this is altered a sacbnd time* to a Uep-Blae of $00 ^sec, * 
printout frequency of 40 and a plot frequency of 3- 


warning I, Ml* *•«»*• I* 

-—• fer4t*»»si ** 

deicrlbtO l* lil • ..?!*,Jonl«t*c»t** EMtP eoifUm** 1 *** •** 

the and di section i*T« •****», it fill nevef been 0*10 ih i R f 

for tneet ca* 6 i, _r«r tni* rtjtjnj it ******** uietui 

production nod# . et 8 PA# Ontofio yor **«,,*#**. where only liitfft#* 

U nniefi m 155SiiSIfJuurUtriftyd^^i durino 
source** *nd x«h*$ orenche*, * ft f. *| Itth it it thit 

1979 t and doTfiotid on# Of J® ri 1*** be teetiiiod' to 

time, ‘tfidi tno «tn;{ !!* t S!»S?St5^»!fcSiJ«?i < tsiS section 0*9 
av nut* #fi«fiof •*«/#* of* vifdioif itonowean \»«« 

55, Mdrtit *n* W»m<r>. , • 















1 .0g6 


4e-6 

Pft. h gflnitlon of Pree-Format Data-Pield Delimiters 


As explained in Section 0,7 , certain classes of EMTF data may be 
punched either according to the conventional fixed-format specifications, or 
using the newer free-format option. This latter mode makes use of two special 
alphanumeric dharacters : one which separates data fields, and one which 
request;? a continuation card. Should the user want to re-define one or both 
of these characters, a data card in the following format should be punched, and 
should precede the miscellaneous data cards* 


CgQPBim^^EiEgMlEEBgCBE 


f 


pa=c 

(free FORMAT 


J A% : 
CSEPAR CHC6S4T 


CSBPAR —— The single" alphanumeric character which is to serve as 

separator between adjacent data fields, Punch this character 
left-adjusted in the field shown (i,e., in column 17). 
Mneumonically, the name signifies “Character SEFARator" . 

If left blank, a comma ,( ) will be assumed? if no 

such redefinition card is present, -a-comma will be assumed. 


CHCONT —— The single alphanumeric character which is to serve as 

a request for a continuation data card. Punch this character \ 
'.left-adjusted in the field shown (i.e., in column 25). ' * 

Mneumonically, the name signifies “CHaracter CCNTinuation” , 

If left blank, a "1“ sign will be assumed. Remember 
1 that this must be a special character which the user will 
never- employ as part of. his non-*comment EMTP data cards. 

If the user wants all data cards of the data case in question 
ttr be. read uring fixed formats, he should enter "S'* (nine) 
for ’ 5CHC0NT” • By definition., this will bypass all attempts 
■ at free-format data reading (except for the free-format FORTRAN 
expression in TACS ), and will thus speed up input slightly. 

It will<also guard against possible confusion of the fixed- 
format data with free-format recognition rules. 

As of April of 1980, the free-format ootibh has been implemented • 
for most SMTP data.structures. But there'are important'exceptions, so 
it should be used with caution and considerable skepticism only, 

The reason for incomplete implementation .can b« blamed on exisfcimi 
Emtp logic, which uses two or more decodes -of; a.,'-data. - .card '.image,, for . 
the.first DECODE , : .which- for EM TP usage typically, begins at toe . left* 
edge of the card, there is no ambiguity. But for the'.second and latere 
ones, it is. sometimes'impossible or ..impractical to. ^determine how many * 
data fields nave preceded it. SMTPio'glc simply' is', not. so component- 
oriented (it is. 'more, tabie^oriehtedf, the cotumn-ao puridh fop brancui 
current- i.s a et-assic.'- exampie* and my* recollect ion' is that .’this- mast 
remain.as a. t ixed*format puhc.h;, even if . the rest of the data'card'is- ; 
tree-.fdrmat* • Switch cards likewise.-.uffet from this mu It le leVprfe'CDDE 
problem, There is no. simple rule .for knowing which da ; ta : structures, 
work with , feree^f-ormat;.usage, and. it is . impractic-si.. 'to.: 'tabulate-an' '• 
■exhaustive -.list. . I can. only jrtgdmmena -Skepticism f.o.d' ca'ut'loiK../ 

! '• •• - /-V"-- "'-li 


4C-7 


40j 


£ormat U wor!c ia <! thnr r *-hf Und * ,n ?D tal reason tor not completing the free* 
format worK is that trie resultant data nas been judged to haw* 

rn??™! *** u “»«■ »*< i* not 

!or«u tM 3I»!!n'’ nunor.d. ot data cards; »her« the user 

zorgets cne modeling details or even the extents readability t« 

ele«ent n in alii.?? p J slUanlna »< »»• nontero data is an Saportdnt 
JSIh ilal «*nning and lntlrpretatlon 

errf^er^f /f * Th ? f 0 “nt»nd ot commas becomes impossibly slow and 

■awss-fc*. :?rM s j.j:?a! 5 r ,, ^irw: r j.^‘j^si; by 

« P *in*noc < Se af*tni t 2 f CR T but current t»lntln« is that 

oS.*idi. n Snd. b ; ?^, t Jd%;«?i„ e *r?;« t jrda d u"« 6 :Me n . t s^ s t ct ni- „ 

!.‘K2? t . ,W ** *’*” F "”- 8 ' Jnot”r id" 5. io Jrne'a ' 

based L P di?I*!h? , 'J C i > w ® uld the fixed-format'data records 

SXIIrnn^JJaSitJiK IXPl 1 ? ln vari *«* pite«*U^reby 

distii2»}I^!; ftt pr ? p<trty 0* free-format numbers is that there is no 
t»°2 p ? tWftan inttgtr# and reals ( *i* vs, "t" data fields) in 
<a«t f all numbers are extracted from the data cird as reals wUn'* 1 
mode conversion subsequently used if the emtp expected J^iiteg^. 

sS J-rS-S^sf^r-sn^s- 

s;:“ n s ssssss ?rM M *° n ' * nd tBat .S!*, nis« 

he does not alweys define "CHCONT" equal°to "9" . 4tion) ' °f that 
*r«m 151 s J n,fflar y recommendation from Portland is that users sfav aw*w 

?: S ;3 ! : 

tne use of free-format capability in the General eas* m \ok iT* 

S2r2s5S^ 


1 •°* 7 Barnest for Sal.ctlv. Dlaanoirtl n 


1 Oh P r 6 l , , t r. ,,I ™ UP ” ° f th<l miscollaheoua d.t. card (s.otioh 

of that Priatouwt^Su'pil^?^” 0 "!^*^*^ f ' h ,* l00m,m 

^i, is «»•*-SSSTJtaSSiVi«ii b wJoL^r l :,S! 

will over-rid, th. salectiv. printout r.,u. rt of thl. J»aS action! ” 

printout oL ^^roUe'd'^lTS J r "?L? r S* rat - th “ th< diabetic 

the key word "DIAGNOSTIC 1 * in^olLttB 1^10 is^ed^rtS**! **** j! 8ring 
following format ia applicable foe thi- « ^ u ? in thia caae * The 
data sards: PP * * thi * 0 rd wnloh auat P«cede the aiacellaneoue 
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GGCBEC 


01ACMOSTXC 




*> 


© 


3? 

4 


m 



pppppspi 




«» 


zrznxz 
'4£&s £ 

wUi 


f «4 


£3«S3pI 


r* 
«wl«* 




f-r-H-it” 


riiti 


IPHSOV(k) —— diagnostic printout control parameter as restricted 

to overlay number "K" . Witten overlay "K" , 
IPRSOV(K) has the same meaning as "1PRSUP" as 
described in Seotion I.Oh . 


For overlays "K" which exceed 30 , IPRS0V(X-3O) 
is used to control the diagnostic printout. That is, only 
30 distinct oodes have been provided for, with these 
being reused cyclically f ir higher overlay numbers* 


In the selection of these diagnostic-printout codes, special care should * 
always be taken with regard to the time-step loop, which is* overlay number 16 . 
Remember that diagnostic printout can be generated for each time step, so 
beware of the termination time "TMUC" in relation to the step-size "DELTA!** , 
should such printout be requested. Another consideration is for large networks, 
which will heavily impact on overlay number 7 (network node-renumbering). Here 
printout oan be produced for each row of the matrix. 

As. a general rule, always consult with Program Maintenance if in doubt. ’ 
afcput th# control of diagnostic printout. "Save a tree in Oregon." 


Control of diagnostic printout for tne time-step loop code of 
overlay i6 deserves further explanation. Actually, it is broken 
into four principal module* s subtsi, subt$2, Subtsj, and susi54 , 
Printout control parameter IPRSOVUb) applies to tne first of 
these (SUBTSl), 17 applies to the second, is applies to the' 
third, and 19 is for the last CSUbTfi4). since tne time-step 
loop Is followed by UTPF overlay numoer 20, there is no contradiction 
or confusion in this usage. 

If diagnostic printout is being turned 6ff and on as a function 
of time {set Section l.ib, with a minus sign on MULT); tnen 
(IPRSOV(O), J«16, i9) alternate with ClPR(j), j*i, 4) for 
control of diagnostic printout of the tlmewstep loop, Tnere are 
two distinct casesx 

Casajii If the user wants to start with- no diagnostic (Step zero i 
or one), then IPRSOV(16) through IPRSQVU9) should all 
be zero, and the "alternate diagnostic printout" 
request of Section l.Ogs should be used to define the 
nonzero printout codes, (one or more nonzero), 1 

• . 

Casejii If the use- wants to start with diagnostic (Step zero), 
tnen IPRSOVCIS) 'through IRPS0VCi9) should not all 
ee zero, in this case, no "alternate diagnostic printout* 
request is needed, since zero values are the d fault. 


i 






' -.m .. 

theJ^ii 5 * S part ot the Printout- 

• the time-step loop ere switched 'tmL diagnostic printout codes of 

(Section i.0g 7 ) are in effec?^ m { o£ *** diagnostic request 
first change, an Alternate at tha step of the 

: < * P «CK), K.[, 4 y u 9 lUl ir»;LSI tnt : ttt Confcroi parameters 
. re Piace IPRSOV(16) through iprsovJi o? h * S ? f0ur new variables 
Printout of the four pieces of to controi diagnostic 

• change, (second negative MULT) loop * u P° n the second 

original DIAGNOSTIC printout conrt-J? ! ^ is a switch tack to the 

. si9n ' «« m . „ »«^r V a% a L“LS c s o r d r; <lt E «- d ;f” •«»«»«* 

i« Initialized to zero at th^beoinn? 011 " 01 par A”eters (IPR(K), K=i 41 
i* what, the user wants h* nLJ ! £nrtIng of execution. Hence if th!< 3 

at time zero). . ccl0n **°37 (begin witn diagnostic printout 

Prlntogt teas* Injection l° 0 o 7 i S th bS9in "llhout any diagnostic 

ma™s s ?,Tp RI ^u\ 5 ? d ar.n u oirin 'sS S:£:; “1^::?, ln **' 
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I.Oh Miscellaneous Data Parameter Cards 

The first non-comment card which fails to he recognized as any of, the 
. preoeding special request types will be taken to he the beginning of "regular 
data" for a conventional EMTP data case. This regular data begins with two 

miscellaneous data cards - first one card for floating-point parameters, 

and then one for integers, as follows: 


First misc. data card (floating-point misc. data) 


h: 


GEESBBB 


DEliTAT 


E8.*d! 


EfcEEBEEEEEEfrR 


I • I 


TMAX 


ES.Ol- 


£±G| 


£ 2.0 


L ! i 



"•‘-W'it 

Ej?.0i 


a ggjaBiig gfo g| si H I IS g 



•'^XbNirro^T 

; •!• f r * • :• i • - 


Ml8 

111 i ■ i 


•' ' ■• •• { V t 

: E£JOj 

il.it'! 


w | ^ v 


mmnnn 

EJtutSEaE: 


i i • I j | 

TSTART 


t--j ij 

ilM 


where 


DELTAT —— The time-step size At of the numerical integration, in sec. 
(1-8) The solution will be calculated at time instants with this 

spacing: t=0, At, 2 At, etc. seconds. 


I... 


TMAX 

(9-16). 

XOpTJ - 
(i7-24) 


—— The termination tine T of the study, in seconds. 

majc j, 

The simulation thus covers time interval 0 < t < T 


max 


Parameter indicating whether inductance or inductive-reactance 
is to- be inputted on all linear branch cards: 

C 0 »11 inductance values on branch cards are 

interpreted as L in mH (millihenries). 


f- 


All inductance values on branch cards are 
interpreted as COL * 2 'Tit L in A. (ohms) 

at frequency f = XOPT 


V ; ; - COPT - 
■ (25-32) 


EPS UN - 
(33-40) 

»■' v'-V* ' 

■.... • 


Parameter indicating whether capacitance or capacitive reactance 
is to be inputted on all linear branch cards: 

0 All capacitance' values on branch cards are 

interpreted as C in (microfarads), 

I f All capacitance values on branch cards are 

interpreted as vOC = 2iTf C in jJ\T 
(micrcmhos) at frequency f » COPT . 

Near-zero tolerance 6 , used for checking singularity of 
the real coefficient matrix within the-time-step loop, 

where /vs ^ 




node’ 


> 


,j 1 * 


TOLMAT • 
(41-48) 


A blank or zero field is given a default value which is 
dependent upon the translation being used. With 36-bit 
floating-point words (single-precision Univac and Honeywell/GE), 
a default value of 1.J3-5 is common; the 60-bit CDC and 64-bit 
IlM (UEA1*8) versions are commonly given default values of 1.E-8 

A second near-zero tolerance, used "for checking singularity 
of the steady-state phasor (complex) admittance matrix [ YJ . 

A blank or zero field is given default value equal to 
whatever ’EPSUN’ happens to be. 
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TSTAHT 

(49-56) 


The beginning simulation time. This win nn ™.n, f u , 

data field can be left blank) rir « ” il; K no ™ all y b e zero (the 

elaulatton. ° f that preceding partial 
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sfcsigsmsia 

n 

ID0U8U 

KSSOUT 

MAXOUT 

IPUN 

r\m$ 

• • i ; 

\V 

. I CAT 

nenerg 

IPRSUP 

: 18 1 • 

18 

118 

18 

18 

flii , 

j 18 

: i 

18 

M 18 

18 


xvu A 
0 - 8 ) 


IPLOT' •— 
(9-16) 


XDOUUIi 

(l?-24) 


° 0ntr01 0Ver the frequency of the 
printed transients simulationt 

* 

,) *=5> Output quantitiea are printed for every time atep. 
K ra$> For K>1 , reaulte are printed for every iC-th 

&f r : (3 rit) 8 : 4 * ° * . 

S'Kar the ° f 




l} -ss^Enry computed point will be used for plotting. 

M =£> For M >1 , only every M-th computed point will be 
used for plotting. This saveB plotting time and 
5®?““ 8to 5 ag ®. re 9«irements if, for some reason, ' 
jrywrrSiff st ®P- S3 -ze te needed for solution than for 

vSJJ^foi °Jf pu J? ? the U3er ®hould punch an even 
value for M , the program will automatically 

increment it by one, to raakp it odd. Ohis is 

WiU prodlUee d ~V*iv« results 

« w cu "’’ grapMj * on ^ the ^ . 

-1 ate^iTo plotting is possible, as no permanent m e 

- a P »dS"g a "" tbi ‘ *>““« 

esired, in order to speed execution. 

table, ahowing^^bmncheS^d^wit^ 4 n ! tw0rlc oonna otivity 
Interconnect the network\usses, 8Wi;teh ® 8 topologically 

' 0 ^0 such output is provided. 

~ printout of network connectivity is nrovidiaH • 

Per each node, a list is Jill* »?+&• pr ? ided * 

^ 4 4 c' ^ §iy@n ox th$ nodss "fco whi ah 

■ t* connected through tshvaicfti- 
Mutual coupling ba+wlS^h 1ca Veches *»d switohes, 
^ cct»w©en pulses of my^ tinhsLAa a! 6 ma«+a 
i® ignored in this output, as is elements 

diatrlbuted-parau.tar 
? rint * th * w -°ri '^EHP4 or 

is used in the connection 7i*+>. 



I 


* V W 4. A • 

ii5-32) 


^3 


.•'nrcmeter controlling the printout of all linear-branch line 
flows, and all voltage-source injections, for the steady-state 
phasor network solution. See detailed illustration below. 

4 0 No such printout 

| 1 Yes, print complete steady-state solution. 


KAYOU? —— 

(33-40) 


Parameter controlling the prir tout of maximum absolute 

values of all output variables, the maximums which occurred 
curing the simulation: purree 

[ 0 No such output , 

J 1 Print the mrinuma, as calculated using every tine step. 

' 2 ^ Print the marljnumc, aa calculated using only the time 
steps H tor which th0 output 

ca'Je^™ 0 ! SDJ 1 ?* ° r plottin e- » «>• user's brand, 
V 11 power or energy-output request, every 

k '** ep 13 automatically ucod.- though. 


ft 


■ > 


IP UN - 

(41-48) 


the simulation^at 1 ti n e he t P r i SAxf: 0f teminal conditions of 


0 ==£■ 


No such punching. 




voltage on^series Capacitor 

atep are punched on n 1&3t tijne 

initial conditions for nth the ®® can be ua «<* as 
this state of the system^L Studles starting from 
P^sram interrupts"punching? pr * 9eflt version of the 
par,meters is encou^tered^in ths With di3 . trlbuted 

HJI CHINO OP CITRPvxrm^ cmniiw ** casej a message 
INSUFFICIENT Dr THE BECause INFORMATION 

ia printed. 2.^2S® t °? DISIRIB ^ PARAMETERS'* 
tributed parameters would °l abranch w *th dia- 

entire voltage and cuSent^^ b V efin6d the 
causes complications i^th/H^i/ along the line ? this 

have not yet been incorporated!’ at/ ° Utput P^ses, which 

V second raise! ^ata lart ^q 1 ^^tely follow this 

^ as de ®cribed in Section 1 i^ 3 ^ the pri "tout frequency 

*• 1 *• Saa also Section 1.0*10. 





4h 


MEMBAV — 
(49-56) 


the end o/the^Slft^on ft onto disk at 
with the "START AGAIN" req^‘of 4 f ? r subse 9uent use 
' - HUt ‘ ,v 01 Section 1*0e15 : 


WARgUft?! 


RESTRICTION . 


o =3> .Vo ouch mosoiy rav:tag rtll ocoar _ 

J S ° ve th = ”="017 contents ?or i ater U3e> 

■ •** - - ' 

^sterns. 

a-nvox-vec (see Section o c\ ,, ,- v ’- lA -bu- ana PPatCH are * 

SuS at if . for • s ' our oo^uk-tvSea ^"^ilcMon-depenhent 

aanual, if jn doubt, • ‘ > ' jtea at ^ beginning of this 


ICAT - 

(57-64) 


T ? e "START AGAIN" react* va-™ - 
sitnuxa-ion can only bo ,»°^, a ? reviousl y-halted 

13 us<? d. An internal ■~hn,,w **'" fed 1 ‘ L the same ’SMTP version 

J?f /LA7jSL / « with an EM”terror th ° Sj ,s of /BLANK/ 
•figures do not match for the two l? ^ Jltin € if these 
dimensioning must be identical, VGrsions * The 

41* Stonge'of plot 

the simu3 at ion: ' on lo S ic al unit number 4 during 


/■ 


o ^ No permanent storage tHii s« . . , 

conventional batch-node th0Ush ' 

of the solution process ?o not"® f the delusion 

C ° a — ** endri^t^ 0 - «» 


1 Permanent storage of the plot d^- 1 

Dravi rW> _ - *' LOJ ' aa * 


provided at" ?** ~ io wlU b * 

those will be catalt-d on 2. 

and the tins (irj.^/rr hh W ? d8te 

besgan execution (see ^itS lin^ tUe data c * 3 * 
a dnta-case solution)SI xlne ~ printe r output of 
Plot ting of the j££l- £ . C .°“ ventl °^ batch-node 
(the T.P. will skip over nint ! ^ Wl11 be aIlowed 
until it finds the P blank cird ^ ard3 ». dl =carding them 
cards).. X d WIU - ch terminates plot 

^ tTsivoJ 1 ^ diak°f 0 r^lat^r IT* iS ’ I** 15 plot data fil = 
batoh-iaode plotting re, ue 'k ° OOTantlonal 

dependent^feature h°- n Jot°b diS ] t is an iTStaliatton. 

syattEo. Modules ™ all computer 

° = 3). Consult the ins+n'=.+?■?* ^ TC . arQ involved (see Ce^^or 
computer system at the Vs.ti laforaa tion for your'*' 
7 he Poetical production uae of^-ueh 3anual > in doubt. 

(see description of Section 5 .).° fllCS 13 for CRT Plotting 


WARNINg j 



t oyj ;>) jji-;, 

• if 



41 


tfUJERG • 
(65-72) 


s* * * 

° ^ Jfir? 10 ^' sinele » ^etermiftiatlo T.P. simulation 
is desired; no dies rolling! wwwion 

J K fat K > 0 this is a request for a statistical 

1 ; (-itch closLgsT^iria'peSSed! *** I *“ tt ' M 

" ;rssu_ 

V an added special statiatle^^S^ 5 * b ® punched nonzero, 

V data card iJt foS J „ Sy3t '“ tic ■**»«*•ou 2 

' l ^. for the study. ’ slTiM ® naceaaaiy scalar parameters 


‘ IPRStTP '-as 

(73-80) 


V'S 'i’ V* ; ^ 


Production runs S^fd Suf’SeS'K 1 ? ^T* 

-s^atSy” ■ 

.dvtc. Sf pru g £» «LSL,c 1? “ deret “^< «■ *. 

/ ° *s 3 jHsi'Sr“ «i“ : “' 

I M *$> Jot iaeraaslngly-positive '*jf , more and mo™ 

I " iU S ' ««•«•*«*. 3ui a”osltlr. 




\ •:{ a W- : V* 




\ t k 


• . »'•* , 



Si huaoldat steady- 3tate solution otitout ( 

' " ll '" > "' ... I ■ .. A \ 

,^ or ^ er io determine initial conditions for starting the transients 
solution, a Single-frequency, sinusoidal, steady-state solution is automatically 

t^th^lin^ „u- Jit Transients Program, This produces a phasor solution 

* 01 * «»• inputted-linear because all nonlinear 

in SK K C dUrin8 “* S61UUO "' ” “ re 5S0U “ <1 l ° ° Perate 

f0r i H S ? 3ol ^ ions 6o »«ist$ of Only sinusoidal sources <Type 14 

oS^ for 1 «in^V' 6) • ^ TSTART<0 has been punched. Solution is 

nlj for a single frequency f steady , that frequency read from the first , 

u2d.*\?riK! Card ’ Ty ? e ^ sollircea Within k£ of this frequency are 

used, ail others are ignored during the ^eady-state solution. 7 


ml*:' 

* i 


i c 

® 

* 

-pins 

It 

.-3 

7 a JWUX 

v ^ 

1 = jwcv 


v - PtY 7 58 j<*>u X ' % 55 <j w g "v 

he has^tw^optiona: lnterested in P rintout of th * ^ove steady-state solution, • 

a ) Co nipfete Solution . By punching a "1'' in column 32 of the Integer 
Wise. Data Card (Section t.Oh; the 2nd miscellaneous data card), 
complete printout of the flows in all network branches is produced. 
iHe printout includes complex currents and powers, as well as 

an^pola/form 868 ^ ^ tW ° SndS ° f ® Qch branch » in both rectangular 

b ^ ^0^3 . variables only . By setting \ ax of the floating-Point 

?«* Jo b* non-positive (see Section 1.0h } columns 9-16 of 
the first miscellaneous data card), the EMTP will never reach the 
* ‘transients mode in solving the data case* 

steady-state solution is found, and then a special phasor. 

Sf U * ? f ?? ly n h »\ 8 variables norma lly printed during the transient 
tSs printout 10 ” 1 * 8 ^ occurs ‘ The caae is then terminated following 

* 

* ^L f ° 1 i? Wing iff? 0f °P tion a >> a transient solution to the network 

since thev ar^w eitber » bobh > ° r neither steady-state printout can be requested, 
since they are independent. See Section. 2.2 for sample output of this type? 


Should one or more switch currents be desired, a branch' of small-' 
resistance or inductance can be inserted in series with a switch? then 
the column-80 punch (see Section 1.21) allows the outputting of the 
current in question. 










H nce^* IT ,'at "I' 2 • 

~ r*i?" ' : € ^ t.^sins 

£1 xn .^ l6s and ^P 3 * Power then comes out in watts or vars. 

SOlut J on ou *” ut Provides printout on the 
Section ^ Asa«£f «S ST" l0 “* ‘“ Mh * »-nch (see of 

branch in question connects nodes 

k rind m as shown, then by \ • 

definition, the program prints j ’ fpy • 

out the following:. . ■ um 


^loss + ^ ^lt 


v:P Jm + p mk^ 


* 1 .«w+-<u> 



r—*** 

; p, 

kn 


For simple series R-L-C branches, 
this is Indeed the true loss figure 

for the branch - the heating loss 

I,considering real power only) in 
resistance of the branch. 


^i£* 1. Branch (k,ra) 


But for distributed-conductor or 
Pi-equivalent branches, the loss 
•figure so printed is not really lo'ss 
at all* it is simply the sum of the 
power inputs at the two ends. 

• 3EWAH5 ? 

. Conservation of energy dictates that 
power in equals power out. But only if 
terminals k and n were the only 
connection to branch (k,ra) would the 
printout actually give true branch 
loss. . But mutual coupling (capacitive 
and/or inductive) between branch 
and other brancher 
provides additional paths 

for power entry and/or exit (see 

2). Thus adding the k-to-ro and 
. m-to-k powers does not provide 

J.0S9 i 


Jjfutual 

(coupling 


Pig. 2. Mutual coupling with branch 
• . (k,m) s may be present. 


CONCLUSION: 


' /*' J - W- 
-. .V ■ fL 

r ?.' ' *'*■’'*' * i 


-luh distributed or Pi-equivalent branches, 
do rgt interpret the printed loss figure (p or Q•) 
ox the complete steady-state solution printout 

J attrdbuTable uniquely to the branch in . . 

question. The one exception to this warning is 

}? S1 feie-phase (uncoupled) case, where there 
is no problem. 
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SINUSOIDAL 
.IS PRINTED 
BUS 1C ' 

• ' MA- 


ase 


1H ( 

This begins with branch”flows,^"follora• soluUon l> r ih*°ut is shown below. 
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OUS n 


s«~ «“ 

. "SSJ 

_ PGtAR .... p AMO o 

*•«♦ j3 * •3562553t>SJ 
.74340216+02 12,8458 


94A 


. rectangular 

J* 

,~.40435O9S+O6 
, . .55999476+03 

• 3779 < 5496*0'6 " 
•I4055436+05 


NOOE" VOLTAGE 
POLAR 


•40821026+86 
7.8849 

TS78256IE+06 

1.1295 


7r»Tr«rt~»M~ 

-.52759666.87 


.... »-'Si37DDtf^ 

** 76397ftft?T«n t “*■“.-£-••• • 


PoitER LOSS* 
p and a. 

• 56697?96*06 

« 10259426*09 


-- -~*. 3 7«.tT*l|+06' * 4# 5f{* 2 »r2f -.1098l8r6*0J .35625536+83 ... 

• ».«• _ ... V --r.3389064e.aj- -102.85*1 .56697796+85 

..5275966E.0? ... -* I025342E+09 


B “ 0 :*aS22i5* #ft -• .37825616+86 

— - -S 33438096+06_-117.6703 


83C 


_ .95879426.02 ‘ #397s ® ;r |||3 -.71954896+08 

8 * 6 ' 9 ' • 7.97270266.00. . ^ 


.72521876+08 .56497796+05 


. . ■ . .. . . • m ,„ . WfJ5(<j 
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+ j $k<n 
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^K+iPnik 

I „ node 
Z —3 "m" 


-urn 


^mK 


the printout ^ 1 n ° tation » the blowing answers will be read from 


v k 

54 404350.9 

V m 

a 377994.9 

*km 

» 348.4110 

*mk 

■ -399.3057 

P km + * C 

- (-' 


314055.43 

37404921 


» 408210.2 / 7.8849° 

= 378256.1 / 2.1295° ' 

" 356.2553 / 12,0458° 

* 659.7687 / 128.6tqi« 


l0S8 


+ 3Q 


loss 8ura of ab °^ e - ( .5669 779 - j102 .5542 )+i 0 6 


7ION AT 
PRINTED 
7 *P.F, 


V J 11 non -e™^i h i»™r^hlih W aM 1 "om^tedT "S^ be an Thjoetion printout .. 

•; ««*SSr.W?*« 


N 0 D 6 

N*N£ 

■ ‘ ••>«<•* 

0EN8 

’f'- ttrtC 


•19669106+09 
“•79868276+06 

14751396+09 

-.13040606+09 


POLAR 

.21228906+05 

-22.1080, 

.21220946+05 
*»42i iOOO 


Y*«5£i T f2 SCuftCe current 


GROUP OF NAHES. HI7h 
IN UNITS OF POWER. 


-"VGUICU 

RtECTANO^UR 

*4<y?9A?'6£405 

-*•23 4U*E#>05 ‘ 
~ SthJ404$E*fl4 


I Etc. 


*OU« 

«*£$*94e£f(jS 

-47**499 

• Zl$5qh&E*Q5 
**I6N 9494 + 

»239ft*4«£+*9 


‘ * j» X ?^n 0 I E0 S00 * C * ^HCR 
* * wo 0 *VA AMO p*r+ 


•22a9e52£^09 

• M0932J£409 

• m?65£e + 09 

• H093£l£f09 


• 25442 29£f09 
•*«9039SE*0C 

• 25443.29E+09 

• *99939$eM)fl 


»22*969££+0* *2544A29£^M 




; Assuming that we are considering node 'V , then the next to t,he last column 
givea the injection + jQk ——-- positive if from the source into the 

network. The final column shows the magnitude of this complex number, plus 
the power factor (the cosine of the angle which has tangent Qk / )• 


! i V 


! I? i. 


'' 


One special feature of the injection printout 
concerns the effect of closed switches. There 
will only be one double line of injection 
printout for each point of known, equal voltage 
in the network. For example, suppose that 
three nodes happen to be shorted together 
by closed switches during the steady-state 
phasor solution, as per the sketch at the 
right. . Then there would only be one line 
of injection printout for these three EMTP 
nodes., All three node names in question 
would be listed contiguously in the 
"NODE NAME" column, however,, as indication 
of the node combination or shorting which; 
has occurred? qsGi ■ 

REG 2 I 

RBG 


RS&iN 


CK< 


The user should be warned that the aforementioned .steady-state phasor 
branch-flow printout shows an entry for each component in the EMTP branch table 
(List #2 of Section 0.6 ), in order. Since the branch table is not sorted 
(as of 1977/'» the printout is in the order of data input to the branch table. 
Nonetheless, there can be confusion in some cases, due to internally-defined 
nodes and branches. The following comments document the way data can thus 
he., disguised: 

1) Switched-inductance and switched-resistance elements each contribute 

two uncoupled branches to the EMTP branch table. The "saturation 
branch" will always have as the name of one end (variable 

"TRASH", as defined in module "SYSDEP" of Section 0.5 ), and 

it will carry zero current (since the switch is open in the steady 
state). This is only a very minor inconvenience today, now that 
such elements are used very little (see Sections 1.41 . and 1.42 ). 

2) The saturable "TRANSFORMER" of Section 1.25 may contribute a. 

number of entries to the EMTP branch” table. See the list of these .. 
elements under Message 48 of Section 2.2b . At least in this 

case all nodes are distinct, said user-defined (so that there is no' 
ambiguity).' •> 

3) E'er the Type-16 EMTP source component of Section 1.61 the' 

r’v EMTP internally defines two branches (both resistors) and two nodes 

v.. •, ’ (. "TYP-16" and ". ♦.. 1 . There will be two entriff,in the 

steady-state branch-flhifr printout tot each Type-16 component, then. 

. 4) Each Type-9B pseudo-nShllnear inductor (Section 1.29 ) . is 

;v represented by a linear'Inductor , for purposes of steady-state’ '• 

••/.v ; solution*. . The same hl>lds true for bach Type-93 (tru ) 

■ nonlinear Inductor of- Section .1.33 ‘ ♦" ■ V 
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5) b TT CheB ;r 911 0pen clrcuits during the Steady-state 

ph.*eor BOluvlon. They are not in the branch table (list #2) at 

th tl category ™ e * 8B0ciated ^eady-state printout., Included in 

a; Typs- 9 1 time-varying resistance of Section 1.31 ; 

b < J r P ®"92 (true) nonlinear resistance of Section 1 32 
o) fyps -94 dynamic surge arrester of Section 1.34 . 
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open t^d( y 

T^" it e haSg’^^c^' 

HAGwiTinE ? ;egfffs 
el33272£E«*0$ . 141,1393932 


► C»T*fc»Aiir r n v '-—*****'" ' f * , *^XCp $ 1*^4 !(•, 0 S' 

>uuut€.*l < * wt *■ • xj ifeUe , Slice. OH^ one 

►UC4l ANGV.CS or ROTOR ^AS r P^ ,/y iM sturt* nr- ♦ ti? Ih-tEr*’•TH i>i,5 

‘ft vacuities op rcior iiacjm^; j n p « u „ tT ' 

I .J935CS0^—'oiiGA* for HASs’ho. » ' 

'• •; a * TA P * F ' A ' ,mRS Attl! INlTIA '* ^^mo«s OF next i « c , 1IN6 J 0U0M . ___ 


^ INOUOTANO 
KS<m 4 H£ 40 i 
<^c;c:Efn 
irj; ji 

f^VbCTE* 0 l 


E and RESISTANCE PAftAHEfEAS IN P£R UNIT * /p.^i 4 , 

» 0-AXIS PlEtO 3JELF INOUOTahL . / rflnto/C 

/>:«“: Kg oi 

J • iSf«K;ii SK^fissS 0 '”® 


Jg.J *tid>ust! 
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- i^snsions to misc* .data cards 

—' i’i'Jlcjs on the integer miscellaneous data card which 

■ ■' • of additional cats.* data which is to immediately 

J .;-.-•' ••■r \ 2nd; miscellaneous data card, in the following orders 

■■ ooxumns 65~72 is nonzero, a special 

teller ecus data card must immediately follow the integer 
^reo^aneous data card, for this "STATISTICS" or "SYSTEMATIC" case. 

°S l 0 V f r :* 41 T 4 ? has value “ 1 • the Preceding card 
followed oy a card which varies- the printout 


'rV^licfScwf thSSS additional c«rda is as' described in the 


" j* 55 ?^ ^ 

— card is required: s P G cx&l STATISTICS" 

:T£Sr: IDrsr I ATM t a I xMAAr ^iTr!!’^ ? KVKm 

--:-CSMMC STATra skmaX nse* 

* *w- »>. i At. A I 11 ' .. • ' I I J IV 

J -• i ; O A 1 »**, ^ f ri, , u I .-I J 

_*** ^ i * ** & *%jf J J** , 1 » { ”5 I J**“ *T» Jl*. I w* i 

—--- J ~-LIJU LX 3 ±2 » t jJXo i F3.0 | is 

® Av0 Panted output o T " s«n t^vi i 

occur* closing times will 

J ^Kg® 1 ^^’4mm" Uet 4i X0 > —«»•*- ■ 

\ . is to bo ’ i "»»*«" , and 

j "»» «-»«, tioes , 

^ ^ vUlticnH ottset u 

' p^jmSg ; sr^™^s ^‘i-( for ' - 

| distribution. 11 iiave gaussian (normal; 

l 1 ^ ^ 

sr zz 

U CR “ °*05 per’unit. WU1 bs given default ; * -/' 




5 a 


/ ? fy 
i i / 


Note 


XMAJCMX 


- ’ A , aoa " i* «■» used as a flag for the raouavt 

?f prl ' rt «< »y the Era. Add a bias of "?5 » 

of 25?1 J 1S ° « W04 y» the fraiUlar base-oaso printout 
of minima and maxima (along with thoir associated th»?T 

£ d ~ d > f f e f h «*»»«««• tSs pllntou^a 

ition to, and not a replacement for, the rean1<n' 
printout that occurs for each energization. 1 

The maximum oer unit otonmi+o., 4.^. ,, 

will consider. This is a !l? “?® countin S algorithm 

overvoltage. distSiuUone SLFSiTT* ° n the tab ^ed 

default value of 2.0 asst-ned be out?>uted > *lth a 

zero or blank value. lf bfae user sh °uld input a 


DEGMIN'j 
DEGMAX I 
STATER | 


Parameters which are used (and have aoaninr) if *wt , ' 

if statistics pararc^ter nf --o* on ^y 

b«0 card ia oL-o or S.„P z t ° f 001mms S’ 16 « «>e 
roadcm time which to to bo’added ‘ he , 8ddlti0 “l 

switch closing time" i- n,w a £° ° hc * a u d omly-generated 
for each energisation uolpg S f 


T 

’ 04i5et 


J 1 / Statfr 1 it, 1 ^ 

l ~~3^~o— ) *(^“^ 0E6W ^ + o<-oe&mAtxl 


where cc i 3 a ran a oai RUD1 i,er which is utri f«_i .. . . 

over the unit interval fn n in? 1 Un^lormly distributed 

” r.is ““ - ■ 

,f STAT^P M Hz *. . a wave having frequency 

;s«f. 

illustrative numpl. sketch, consider Jhe mioExample, 


A" 

I XT~ 


D wxni » 3.4J * . 
"P^S&MAyC IXO* 
STATFft. a. w? _ 


H*““-- ZloO*& U..***^-*,- 

2^1v»1SauU U “lJe" ofl^o 2f“S T 

^^^MMFrS* ^uT^f 8 default rel2 r f"’a; blank 
being used, wiS a Sl^ 0^*60°V? P ff icular translation 
America (where °f. 6 ? generally used in North 

60 Hz), . Default valtZ ^ ele ° tric P ower is of frequency 
dependent module "SYSBSP'^of 'overuf 












Fb 

3 IC-MuC -**—- ’or a Gaussian (normal) distribution, "3IGMAX" gives 
the point at which the ’’tails" of the distribution will 
be truncated, for calculating tbs random switch times. 
This is as a multiple of the standard deviation, and is 
symmetric about the mean. A - zero or blank', field will be 
given a default value of 4.0 , which means that no 
random switch times further removed than 4CT from the 
mean will be allowed. 


ITS USD <—Parameter which controls whether or not the random 

. switch times will be identical, should a given "STATISTICS” 
data case be re-run a second time: 



==£► a re-run of the data case will produce \ 
identically the same answers; the random- 
number generating algorithm uses a seed 
which does ncc depend on the time of day* 

= $ > 6 ra-run of the data case will produce different 
answers; the seed does depend on the time 
of day. « 


/C\ 


° nl: " if ?ar f Beter l . <>£ the integer miscellaneous data 

- ..as a negative value, the following additional special "SYSTEMATIC" 
miscellaneous data card is required: 



j I5W j 1TEST 


AINCR j XNWtoX 

\ \ IS 

FS.oi FS.o 


ISff 


Same meaning as for- "STATISTICS" immediately above. 


:sst 


A INCH ■ 
XMAXJX 


0 => The inputted switch-time TCLOSE , which is’read 

be°the a SV ^ h • i^StEfto 
Zj* 8witch time - *he variation will be 
around such center values, then. 

£ tte , »"'?*<* '=“*■ 13 «“»««too4 to 

will be tar- +s egi aning switch, time. The variatio; 
wui be for times greater than this, then. 

<1 

*“* " eaai,1 « 83 tar "STATISTICS" immediately above. 

Sane meaning a, for "STATISTICS" immediately above. , 



J^S 


eard“ H Poafti've^ j'L'S 0 " &P data 

data card, io punched wit. the Integer 4444 ° Sen STATIST *°S" aiSdellaaeoUB 

random switch times is p» *du«ed t« ’ th n a s P eci &l test of the 

produced. Rather, the titch clot^Ttl *° Simulations «• actually 

subsequently tabulated statistically so liin ® s are generated, and 

with the expected theoretical distribution Por^M* ^ ob ® erTe<J distribution 
punched with value 4444 two nS^J® ^ F this ca se where "ISW" i s 
data card also tahe L 0f the " W «®TI«" miscellaneous 


ft" z OZEE “ ♦ g-da-;' n*g»nfg rssngs 


isw- 


! 18: i 


...1 , 

i 



ISW 


aircr 


ii?- • -«• > *' x s- s; 3; 2::?! 3 « 

hift:-],- 

SI6MAX, 

i.::"I;.:j 

FS.O; 


Punched with special flag 


4444 , i n this case, 

of this tabulation 1 ”! The tl “ e - 3 P aci n8 

of the standard d^ion”-!* 

question, ei switch in 


SI0M “ ~ sr s? ^ 

. aa a »ltiple .of SfS^I^T ^ «"• 
^nujsbcr of comments night ba appropriate, as to usage of this diagnostic ' 


Comment 1 


for different irs of switch^ * IteeSl ?h Vf 1 ®® ° f tabulation s 

distribution, thJ^hTSSLJL £?, T °l GaUSSian f” 3 ™*) 
have mean and standard SSSTgSS £f° “ d rtl1 


T 


V “ 


B 


=f 


+ e 


11 
B 


is not the safe^just f loiking 8 a t^he closi iS t Checj£ed ’ «»<* this 
switch. Recall that nn * at , tae dosing times of any one 

random; the K+1at numb^TisVfSctd S^rX"* 61201,1 tha *« truly ' 
somehow (usually). Since there °l the K_tb dumber, 

bit permutations within a computer woS 7 * nuaber of diff erent 

must eventually repeat.' Presumably the al20rl thm 

” of ao practical interest fo^sSp u ^ ff 1® f° large tiia * « 
of successive numbers? I am still ‘hJS? j , B ^ t what about correlation 
of IBM's random number generator «,« 6 + b ^" Stanford's assessment 

■*? .s&rs ^: 4 1975 
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"IBM's Scientific Subroutine ;'nckage, a collection of 
over 250 routines, is not .etting high marks at 
Stanford Univ,, and will be expelled before the end • 
of the summer. ..... But the real reason SSF is 
being bounced, says the school, is that many of its 
routines are inaccurate, obsolete and downright 
dangerous to use. For example, in . RA.NDU, a 
uniform random number generator, consecutive triples 
of numbers are completely correlated. " 


BtfltCH *AXA ] 

u»t 
«Amc 
THCOAtf ICMi 

tm 

BAXALr 

tHMRSJICAl 


Well, for M Gaussian switches, there will be M (M-l) / 2‘ 
such pairings of switches. For each, there will be one tabulated 
output, of which the following (extracted from a modified .version of 
UTPF Test Case #77) sure typicals 

* TO *Cl * AHJ> *A3Vi * TO u 

A ? t ? 000 •’2*0009 "1,9000 •1,0000 •0,3000 0,0000' 0,3000 1,0000 1,8000 3*0000 3,5/000 MW 

^ 00 ° 0,0300 0,0700 0,1500 0,3000 0,4900 0,6700 0,8100 0*9100 0,9500 U600C i.OOOf 

0*0000 0,0013 0,0063 0,0338 0,0668 139? 0,10?3 0,6000 0,69i$ OttfOll" 0,0333 0,9772 0,993i 0«99§T 

3,5000 4.0900 

1,0000 1,0000 
0,9998 1,0000 


1 EBICfM 
liA.T« {* 
:■ IT IN C 

, m 


SWITCH PATH 3 
TXXK 
SAHPlt . 
THCQHCTXCAL 

TXKC 

lh*nt 

Th£CA««CAt 


Comment 


Conment 




*catn # to # cj ♦ and *»avu • to # ai * 

*3,3000 •3,0000 **2,5000 *2,0000 *1,3000 *1,0000 *0,5000 0,0000 0*3000 1,0000 1,3000 3*0000 2,b000 

?* C< * 00 0*0300 0*0600 0,1«07 9*1100 0,4SOO 0.620C 0,9200 .0,9200 0*9400 1,0000 

0*0000 0,0013 0,0962 Q*0228 0,0668 0,1387 9,3053 0,*rt00 0.6915 0*8413 0,9332 0*9772 0,9958 

3*5000 4*0000 ' ...... , 

S *0900 1,0090 

0*9998 1,0900 

Concerning units, it will be noted that eveiy thing has been 
normalized# The printed "TIME" row gives the number of 

standard deviations from the mean* The corresponding actual 
time in seconds could be found from 

\ = *" + * time(k) 

Entries in the. "TIME" row should normally vary from -SIGMAX 
to +SIGKAX j I note that one compartment is missing on the lefti 
since tabulations correspond to the right edge of the compartment* 

2 * The just-described tabulation only applies to Gaussian (normal) 

switch-closing times. If one or more switches happen to be either 
. deterministic (non-STATISTICS) or uniformly-distributed, they are - 
ignored, for purposes of thi3 special tabulation. . . 

_3 * Recall that miniature printer plots of individual switch closing 

times are outputted at .the end of the printout for a conventional ’ • 
"STATISTICS” solution. See Sect.ion 1.8b for an example. 

Well, such plots of switch closing times will also end the run 
being considered here. . All parameters and assumptions related . • 
to this output remain unchanged. 


HME* l 
• Mac, D> 
MAC* 0/ 

irmstz 

If*it5 s 
ttjifU 8 
ft 

, ua: es « 

’ -.JuEfi B 


> ASUS s» 


MS} Cft u 
Jni£4 fie 
iCK C5 

. in:* 4 ?- 
«rtp£!.:c 

wrri^ce 
PCKaChCC 
' 6UHK CAB, 

i s*2rex, 

r , 

■ iMtOU 
' iUhA CABO 


• imex ni 
:>MCkt£CAi 


■ ^Comment 


;Vj ip ■. 


* *«• 1 - 5 * ’ 


A complete .EMTP data case must be used, at least through the blank 
card which terminates switch cards" (see ■ Section 1. for the structure 
of EMTP data cases). EMTP source" cards and all later cards of a' - v . 'V 
conventional ease are optional} if so supplied by the user, they ’ 
will be skipped by the EMTP as it searches .for a "BEGIN NEW DATA 
CASE" record (just as if an EMTP error stop had occurred) . 


4.41 *F± 






.to 

/ r ''t § 


f . 6c-e . / . 

r-. • “S e s«ss r iT skip ^r•?« * *• 

. ' • **PP*y ®«ch a separator reccid e y»T% remember to always 

in order to avoid reading *.« end nr other data case follows, 

unit "DOT?IT5» , % an end -° f ' fi -^ mark on the input 

f or those knowing somethin*- abo u + ts* w-mr, 

1* wrth s^ariain^r where'"pro-X 1?® JWlay structure, it 
-* . sxxoh a data case. " First. traa -~ f erred durin,* 

blank card which ends SMTP' switch~~~ qiate through the* 

*»•» 1« a 5 ump to "O^pS ** r ** d *» M OVE85» . 

calculation and the printout- 6T 3wit ?* clo£?i *S tine 

,iurap to "0VSRS9" fo- the '! j * 1 ; thsn there is a 

Finally, excess^cards‘aro ia /cement 3 . 

the ’SEGII'J $v?fi DATA GW" ’ T 'o " La vW - il; 54" (looking for 

' HW- to atart a ne^ta k ” fore “>• W to - 

WTMKWffJir) JS6 M ?“2*or P s°r*^/«” T n‘ crC7 - T « euro n^rmo t-,,,, 

iMCKsoa? “4 s ” ( -" r S M 1!< P0Bl »«. ORtccn y> 30 , 

.ji-j2L_22i fc : Jrw™ r g* •■».- . 

DL'SCiil P* r vr niven>r. nH . 4 ' f* t . ‘ _ * *^03 .tOiO ^ _ 


...!“. ? „/Msi ‘“•jsrsurgsg s f'“*»--*»• • 

..:. » ?“T"*T‘~- 

vt". •“««; ....«.„ --cs;---:_ i 


* £/< £ £ * ft *"0*^4 

’S****# A»L*»C 4 

tain ju^c, 
exit's K-L-C, 


: Z ,-lv*. p-z i« f 

O.OOCE.OO O^O^rto, ? 3000 i -HA* f 

9 , 0002.00 O^oor.!?* '^'w *’* 66 1 °oss* AJ * 

a.ooos.oo o.»mm 1 °«*3 « 

0 . 000 S .00 0 , 7 oor+ 0 i a*'n?^*A° * 05£? >c cl 

0 . 5002.00 0 , 7 oor + 0 i * 0 S^JA A 10 

O.OOOC.OO 0.700 CO! o f ^*^ * 210 


o.ooec.oo o.* 7 ooJ o£-.oa 210 

>«>•! o. e r. fl 2.« 1 .?s;j? 

Cft U7SS U«Xf..ts>2;in5-2 

i 4 3rp« fi i a . f i hAn30 *>iJ 073TR T*» (Jirn 4 ^ ^ * * *• il ^ 4 

:5f5; «.»06 £.o olooo'^oo i alt ‘ 

: > iJ o.ioogfdi I 50 o^yoot;«oo i 

8 *awch* cl>y -a^? 00 ^ 00 °*ooo£*».oo i or^ 

rll?^ L RAHCH * <W COAT. 10 - A3 ' l-AAir 
1 8 ^a.scm, copy comt i«*i ? ss^ 

mV CARO o r ;^ 

i;CR. 0 . 4 OC-OJ O.’iecrSj O*' 0 ' f ft 2 °. 0 OC.O 0 1 f ,j 

.. ; R. O.oor-oa 0 . 102 -oj a'o?p!?? o.ooc+oo 1 a J 

;;;R. 0.00C0J O.iOC.O? °!o"?!2S O.OOEt-Oo l cl 

rc*loi;-oi Oiior-n^ ? 00 o.uoe^oo i *.*q 

“ft- Jsasw-ass fctsa f 

jc« RAJR I ' 

pi . *3*$000 >3,0000 ~ ^ * Al 

e «»«A t 0 \°°ss s*s 4 ? 4 ».*???• %:«im “o:o?L 0 -y. 


2**U!>w; 

11 * i >. ^ M \ £.1 

i- 3 Cawi c;‘ 

* {U - * A*?* 

} ocs csr 

ww *? 

CiKiO 

J *} ASKJ . r _. 

a f a*wi rf;,’ 

S , ~J 0 Aswio i'r“} 

?«eto S3W10 *0*?;! 

• cio ««« i?: £ £ :i 


a «u<« o.iAu «g, 

.02*0 .5JS7 0tCsi i0 ' 


QTATZ3TZC& 
srArzstics 
•StAtY^TXCfl 

aTATiancjj 


c 

?*?*:ca* 


"o.'oot i;c 6 o°o B o° -.“.°.o :r i 06 / ^ ^ 

«.oou o 6 ;o 0 o 3 * 0 2 0 S:SSS f»JJ f:s?S 2., 4 

J.SO00 A,0000 ” • - 17 0, -°i! S «.sooo 

i*22S 6 itO^co ‘ ■* 

i*oooo 


*0000 t.soea 

*^^00 0*92OO 

.#4U Q.13* 


2.5000 3 # 0<300 

j l*f? 00 ^*°0O0 

4 0,9937 















- iff 


h i :'l 


) :yi 

T t 


i N 


;• Sl ?h-:-» 
.1 ,'i! . i 


i'i; W]i 


1* 1b Card fp] 


lePrintoul 


. f f an< * only if Parameter ' BW of the second miscellaneous data card 
is set by the user to value -1 , the following card is to immediately follow 
the eecond miscellaneous data card: 


I kfiWj A ., 




•'.Cr? fc 


•;; -*v ■’ ‘fr* ’. k 

{ p- 

' I 




1115k 




KCH6| MULT; ■;KCH6 

jlMir-fei-HigT 


MMM 


Shis card specifies at what time-step numbers the printout frequency is to 
be changed, and what values the frequency is to be changed to* Op to five 
pairs of step numbers and new printout frequencies are permitted, as per the 
following definitions: * F 


KGBS jL _ 


MULT, 


* 

Time-step number at which the i-th variation in the 
printout frequency is to begin. Printout for this 
particular step number is always provided, as a 
beginning to the new frequency of output. 

Modified value of "IOOT" (see second mise. data card), 

to begin at time-step number KCHG. . 

i 


$$$?& 

''i>V'V ?*. 1 


V'-Jv.-. J 


A V 


' 'V*. Vr*. v ‘f • 

A ASc>\ '( ■ 

Vlb’V^t <.x' ' 
»?V*y 


Pairs must be ordered corresponding to increasing time (increasing M KCHG» ). 

five 0 nai-ref * S ne ?^ e * t as tile last nonzero pair (if less than the full 

or SlBiply remai|ls ** effect fro® the time it commences until the end 

of the study. fh9 first "KCHG" value, read from columns 1-8, must be positive.*,; 

Special time-control of diagnostic nrin*n„+ ;V 

i^inus signs can be appended to the ^,htt t _ , 

the user wants to control as a function fl f .. Ts ^i*® a as definfed above, if 

of paper inu be OOTsmer^l^’^M^a^^M^o^f'’ astrono “ lcal Identities / 

... a function of tine. fhe folleSnTSh^e ^d.“ ^ # "“ wU * a Jj* 

. ' ♦ 

‘ : . •. a) Jf a Minus sign its appended to «ULT<d) , theft at • 

Mil .printout status.- 

*?**. *a Changed* That is, there will oe « switching 
v_ V or tne two sets of diagnostic printout control 

/•• - parameters * 

•}* *{£????***•'_***** section i,$g? *•' 

**Pi* ft ation, refer to the two 

: r : A . 3^85. Clteda -r 

M 1 *. r t ,1 

... : 0 ) I* W»r« 1» n. .nlnus sign, there wiu ■**.no cnenge ; fit' '■ 

ih states of %ne dUaghottic pfintoat at the 
v-f•, assoeiared- tie* step.;. ,• \ %:/' 

S55* *4£? ?* *» described, itis only 'the-, k 

absolute value of .«JLTj which controls the production , (hqn-diagnostic) ; v'^W 

dMe fS described, ^fhat is, the upe of Snus signft l?; ; 

does not iatsrfer with the original usage. . \ ••••.'•. • . 

, f > '* **• * f d . h ,, . . ’ . ‘ ’ ' B • * • ri - •,, . 1 • * t . - i . 

’ *r•■’i*.• ■!,'J ' ' ' •• .'^ ’ *, t ' v ■ . _ ; • 4 . • • 4 . V ' • , * * 1 ‘- f * i ♦Y l ,^ 












I.. 


1 l 


*. -i «: 


r. 


; " • • 5“e ■ • • • 

1,20 £*££, bATA CAff ps nr ■ (- 

Analysis ol Controi°SyJtews iV8 i n £ Je?v the nam * ?ransl *ht 
it directly provides the u^r llth tLl ^*** 1 terffls ' 
*hich is normally associated oniv w ?ff €Ung ca P a *Uity 
computer, as fully doeuafntL an anai °9 

modeling is involved in a date^a?! ^? 8 ’ * ‘ ** such 

mention is -}u*t a reminrt*,» d ?k? 4 . CaSe ' this Present 
Physically Positioned 1 ^ fchii Lf^f h . dafca ls t0 *>« 

•*•<* before the first £MTp t Ki!L P ? int in tfte <3ata <*ecK \ 
»i 5 «u.n.ou, data c.rd, (and th « ' 

«tp “,r~ i. : 

request records: tfte two * oliow in<? special 


/ ? 


h) 



mm 


$ • 


TAGS STAND AIONE 1 ’ 

[ TACS card s (see Section 8, ) 
plotting cards (see Section 1.10 ) 
BEGIN NEW MTA CASE • 


•V or 


S) 


3&SEE 


«, ■ .• ■. r ;. 
Cr r 



r ' 
,, V 


H.-V- •. •• 


' V r‘ : 
; ' r • ; 
)‘y- *’« *■' -* • { w *. * t 


. , . TAOS HYBRID * 

_ flACS cards (see Section 8. •) . " • . . 

[electric network cards (see Section i. \ • 'i. 

•/ t , • • « ft « * • V . * 

• ' '' - ’’ • . « ' » , 

* ■ • ■ <* 4 ■ * t • / : : 

IJote* characters. ^TACS t + , * 

J - : a ?AGS hybrid case, for convenience to reCO0nized as Introducing .. 

• ’ or lenience. t Q users of older data cases.; P 


'■ x • 
c r. - •' 


iVvii- 


i, // . ‘ f ; 




rr 


p 


W ai 












•M’ 21 ■ CARR FORTOCOUPLSQ, L UMPED, SERIES' B~T_n no* tort. 


to be used for tne following types of branches 


without coupling: 


^ •• - ^ ft. |_ o i C ■ ■ ■ 

•'?T r U~ % • -•' . . *——<s 

o—0—■’. 1 


■'••• a) RULES 


. 13US! . £ 

. or 

PU&T KJOiiE 


6U$£ 

NAMfe. dF 

se.ccm5) 




'.. ,}’ * - *t- »\ r * •• _ 

. /'V v 'V ,,v ' 
r»\?. .-*v ‘. 


: , - • .* fc r •' 

0 Puiich the b ranch-tyne l *T'FY'Pv" « 

ype HIPS of columns 1-2 as zero or blank. 

••• ' ^Wieric^de*2^ ua^J fLlds 

nodH^Meft £Lk}? e ° f the bianch ' be grounded (field°for 

5) At. least one of the values R L r n r +v, v. * ! 

bes^O, L ’ C of the branch mast 

.4) When series branch has no n t xw , 

’/.hen no capacitance satrn )’ th#a 3et H- ° or W>* 
i pacixance, set o=0 (program regards this as 

0).‘ • * • 

. 5) 4en1h al roU h ^V" ° 

option may be used: th ° followin g storage saving 

Repeat node names of « 

provided columns 15-26 in th« B roference branch in the 

blank. 15 26 in the same .sequence and leave R^.C 

parallel it ia*»lt fe ? ence branch has other branches in 

1 «£«n« ir«ch n °* T SSL^ l0 ^ Of ‘ he " «*«U ». fla 

. parallel branohM Jlth ulTu bra "°? *" ot * 

always be the refe-ronoa -k no ^ e ~uame pairs shall . 

'JRME-A 1 to 'KOIE-*' and . S ? te thafc two branches 

identic! nt >de-na4 D Sl f^' B <*>‘ b-avs . 

for. bo uo.d a. two dietJt rS.i. S „c r n^ol“ d 0Sn the «' . 

S’* 5Blu '“ f or parameters fi , i jad 0 ^ 

cm. taTSf r£f n rlSWeS md ”“M” 

of Section f.Oh « ,^ g ~ P * nt \ f irst) miscellaneous data card 

: A}' Specify R in ohms. • . . •'•Vv/n. . * / V.J I'v’: 







U 

I 

b) Specify inductance L as • 

i) inductance L in mH if X0PT»0. 

ii) reactance^COL in ohms at frequency sr XOPT 

^ 27 


f) Sneclfy capacitance 


C 


’i i 


as 


i) capacitance C in fJT if C^PI’sO 

115 if SC COP?To W ln ^"*'° S at fluency U) * COPT 
/ ^ 2 a* - 

7 ) £utput options for printing and/or plotting: 

column 80 to get branch current; < 

„ * t0 « et branch voltage, * 

.. 4 .. ” 1° both ^anch voltage and current; 

0 ^ rtlf 11 ?! 1 r ? v/er and sner fly consumption (see 
details in Section 1.8). 


tf 

II 


b) PQRMAT A E 3 rAMPT.Efi 



Above examples (assuming XOPT-O. and COPT-60. ) i 

fovc-1 - 'ffip -|(-—* 10-A 

mmH cuio'yiwKo 

BOSA O---° i 


<,VAtf*wV <V*lL 


vpiT-i 0 —t^vu—T y5!r v - 


ia m«H 


■«fr 
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Maxlnwan resistance to use for voltage sampling 

Oft*n the user will have occasion to add a very high resistance branch 
between two nod*?s the voltage difference between which he is interested in 
woni toting. But how high a value is permitted? The general rule is that 
R must not exceed the square root of the largest number which 1 the computer 
-system betagused can represent in floating-point form. Specifically, one 
csn _'*® e a value of 1.E18 ohms on Univac and Honeywell/GE, 1 .E 35 ohms 

Sotrld’always bi^SS*!. 0 *"" °” ^ convenient round «“*•» which 


Mnijftum. resistance to use for switch isolation or current sampling 

pie user often has occasion to input one or more very small resistance 
or/inductance branches, for the purpose of ei*h«ri 

a) the isolation of switches (only one switch may be connected 
to a node of unknown voltage} see rules of Section 1.4 ), or" 

■b) the sampling of current in other branches o£ ths network (not 
all EMTP components permit current output requests using the 
familiar colurtm~80 punch )4 

th^ife branch mxlU b * ***** to*, to is not possible for 

• e mTP ' an **t«*pt feo input a zero-impedance branch will yield an 1SMT3P 

IZ™1 lnatead * U8er «««* ^ploy a "small" impedance value. 

consideration^ 01 ” peim88lble ° r .desirable value is a function of several 


Point 1 * 


Point 2 s 


b) 

c) 


The fundamental limitation is due to floating-point won! length 
w 1 the particular fittSP translation version and computer system ' 
which the user is working with. For example, 

ft ) Tbe U! *er must be very careful when working with a 
32-bit REA 1*4 translation of IBM (or other similar 
byte-oriented machine)a /< 

lees caution is required for 36-bit translations such 
as for single-precision Univac or Honeywell/OE. 

The user is* permitted great latitude on ®C, ttith its 
60-bit word, or when working with a 64-bit REAL*8 
translation of IB1. 

d) Finally, of course, a double-precision translation 
involving 72-bit words as on Univac or Honeywell/OE 
allows even more recklessness and carelessness! 

Singularity tolerances "EPSUN” and "TOLMAT" (floating-point 
miscellaneous data parameters; see Section I.Oh ) are actually 
used by the EMTP to protect the user against a too-small impedance 
value. Parameter "EPSUN« is used for the real, all-resistive 
transient equivalent-network solution, while "TOLMAT" applies 
to the complex (phasor) admittarfce-matrix solution for steady- 
state init.’al conditions. The general idea is that all impedances 
which terminate on a given npde should not differ drastically in 
a « measured by the just-mentioned singularity tolerances. 
Specific relevant points related hereto include the following; 

a ) Considering "EPSILN"., tne impedances in qusstiop are 
equivalent Norton resistances which result f^om trapezoidal* 
rule integration (see Ref. 1 )• For a resistor:, this i& just 










I 






f 

Point 3 i 


b C 



the value of the resistance in ohms; for an inductor 
of b Henrico, thw impedance in ohm 3 io 2b/ A 6 j 
for ft capacitor of C Farada, the impedance la 
At/2C • For iiotrlbutcd-pimtaaetrr tmnml onion Unco 
or enblea, treat, thorn like re suite re having rosin twice 
equal to the character! otic impedance, [n the lust-etatjd 
f omul ft a« At io the time-si*f'~'!»Jv.e "DKLTAT" , in 
aecondo (aec licet. I, Oh ). 

b) Considering "TOLMAT" , the impedances in question nro 
phaaor Impedances, depending not only upon the element, but 
«t»o upon the frequency «r’ the iHimooidnl excitation being 
used. '"he impeunuce of a reidntor in just the value of the 
real stance in ohm at I'or.ita 1 none Lor, use CUl> ; for a 
capacitor, use . For distributed—parameter 

traMomiaeion lines or cubic a, a lumped nomina L-I*i 
approximation in generally valid for unage here, if the t 
line la not too long elec .rlcally (maybe 100 or 200 
miles at 60 Ha). 


rii 



For current-sampling purposes, the user ui reminded that a * }■ 

permanently cloned nwtteh cun ssomt; times be Ad v; uitageouoly used j' 

in place of a loy-impedwice branch. Sou the writeup of j; 

Section 1.40 , 0Inoo 4 switch ( "SIMOOM NG” switch). If j 

a "MKA.SUPI tli!" switch in used, ai L concern over the question ij 

of "how small ia : 3 ru*l 1 " i*. avoided —— which may bo useful, when 

working on a computer that has limited (marginal) floating-point 
precision. The solution time for Us* simulation might possibly 
increase, however (it all depends on the problems It also could 
ill some cases actually decrease)* 


»* 
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Alternate hlqh-precislon format 

The SVINTACE cord (see Section l.-D), which Is honored by 
most computer systems, provides for art alternate high-precision 
format, specifically, the R#h,C fields can be switched to 
3E16.0 (columns 27-74 in this case) if $VIN fACE, 1 precedes 

st*ch a group of new branch cards, and $ VINTAGE, 0 f.ol).ows tne 
grouping* As of August 1980, Pi-circuits (section 1.23) and the 
original distributed line (Section 1.26) are or.ner components whicn 
allow such new, wider formats; they can also be included in the 
grouping between the ^VINTAGE cards, then: 

• VINTAGE., i 

f *" - ■" ..*“—*"•—* ■ ■ 1 1 1 — 

Any mixture of series ft 
distributed line cards, 
new wide formats. 


$VINTAGE, C 






H 



\ 


I 


! 


1 >9 'j.' iv,nr " 

I * fmC 4... .wfV. • „-i* .1 - - 


:•. Si l *. *\ /. 


•*. 4 , • t 


.* ■ •; tl \)\ ■„ ■ 
- m * t 1 , : 


* * ■ v „ * * * tv i. • * * ‘ ... ’ - ? 


* i' 


'•>■■• ”n<>d only for run3 which ston after 

■i V'" •; i (v ( 0 , mean: ns; that no 

->u«h v.vjciifs, numerous Pi-circuits 
■’•••' to r>‘pr«at?r.A a total transmission 

.o oocurriTv; at the points of 

a'-ilja or i.iuait element?* any i«»,r.u»times 
points, Rlao. The "CAoCAuKD it 1 :" option 
r prowl■.=••>. the u:y»r la only interested 
•»is. line •'■this feature mutce« it 
r.;; on (i.e. , the solution variables) at 
. .r,u adjacent branches. 


--i.’•related with '’CA.lOAl),-:!: PI" ia worth 
. ,il !•> eff ic*.; I'iit a i.'u?*} of this 1 

t coT.poiient.7 r«*ar»*!!«ntin<i; the line are 
* t. ?"n from one ■' n 1 i. Un rsiT.d in*' eivi) to the 

.V..! is .., r. in r»*«d, sequentially, 

••• cC in- prr»cv!«i ;. riti *if'itl “quivaient for all 
‘•'K ‘ - n>i and tne li'j; c coupuient rand. This ia 
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ig. i. 


Sample problem 

Su3 {HA1; Hi? 1 
(GAIj G;H; OCl) 


to illustrate uar\ve of the "CASO/.*T'3D 
li* 1) is the sending end of t;> i 
is the receiving end.. 
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Pig. 2. Schematic illustration of cascading operation for K-th component. 

The form of mathematical equivalent used ... - . 

for this is simply the nodal admittance j Sending Receiving 

matrix [. X } * Hence when input 
processing of the last component of the 
chain is complete, an admittance matrix 
among the terminal nodes of the line 
exists, as shown at the right. This 
is an exact mathematical equivalent for 
all of the interconnected components, 
of the chain, as seen from the terminal 
nodes. Matrix [Y ] is symmetric 
and complex (i.e.. admittance elements 

Y ta - * 3B to. )• 


Prom the aforementioned description, 
several points concerning speed and stoz*age requirements 
associated with thi3 feature may be deduced: 

Point 1 : The storage requirement (for [xl ) varies as the square of the 
number of transmission line conductors; it is independent of 
the number of components which are cascaded together. 

Point 2 : Computational effort to produce, the equivalent is proportional 
to the number of components which are cascaded together. The 
computer time associated with this effort adds to the ’’data input'* 
time figure of the summary ease-termination statistics, not to 
the time figure for the 3teady-state solution. 

II* Some More-Specific Comments about "CASCADED PI" 



Before detailing the specific format of data input for the "CASCADED PI" 
feature, a few additional comments about restrictions and/or assumptions 
might be mentioned. Pig. 1 shows a sample -problem, the Section-IV setup of 
which illustrates some of these points: 

1, The first line segment of the chain of elements whieh' are to be 
cascaded may not have any series - or shunt connections. That is, . 
the sending end must begin wi*th a Pi-circuit. 

2. Second and later sections can each consist of up to four types 
of sub-components, as follows, in the order shown: 

a) Series uncoupled R-L-C branches, if any. 

b) Shunt uncoupled R-D-C branches, if any. 

c) New line-position (thought of conceptually as 
transp osition) speej.fication, if any. 





lb 

d) Specification of new (i.e„, changed) Pi-circuit 
parameter matrices [RJ, [ L]t [c ) 

Zn order to utilize the "CASCADED pt»» ^ 

ScS s “' tte rou ^ “ - «. - 

"CASCADED PI" header card fi e 
card wnich begins the definition process. 


. Class 1 

# 

Class 2 


Class 3 



whlca apply . 
line position card for the im •>-«,+• -o< 
one at the sending end of the line." 0 ^ 01 ^’ th& 

Line position card, if any. ' 

Cards defining series R-L-C branches,' if any. 

Cards defining shunt R-L-o branches, if any/ 

Cards specifying new f r] ryi , 
parameter matilcos, if any. • J ^^ 

Class 8 s ’’srep CA r lc i A twn , a 

oABi ° ard ’*«*. ^fi, itlon ptoe ,„. 

Classes 1. 2* ^ e 

oTth°; V «*** ** receiving 

’ ° ^ re?6ated W “* ov^r 

111 ’ tegat and Meaning of :*##•*.*+ 

- -zsm&s/Zv PI" header card 

One begins the de^ivii ~ 

,,CA3WJ3SD 


-;’..[BUS1 | Bid" T ?T • It ' * 


:i | sosi; [ 

/• jCAS^ogp ; A:; 


Cola. >14 
Cola. 27-t33 


-/.if 

Tf.*/ 

i iTf+f -I. 

• • M ) I 




f : iKPHCASl fft-fl C$ 

1 1 ' iii.ij 


Cola. 33 _ 3 q 


^ Ci9 ' J tte «*»« word ^.cbb, 

Variable "RPhcas" +w 
conductors in the circuit f.nT‘ ber ° f phasoa or 
Poraiesibl^ nSbL ? , ooscaded. The 
^diaensioning ( aee Sector' 06 ?^ Upon - U8ej: ‘ 

y ^ user 

“ 00 a£ iny conductors.- --ent a line having 

Variable "?R 2 or^" 

cf the sinusoidal steady^+^^f 07 ia Hs 
wnich is to be performer P ‘ aSCr soluti ^ 
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Class 2 j Specification of bug max rice a r R j, [l>] t ~] 

These data cards are for inputing the sending-end and receiving-end 
bus names of the line, plus the \R}, [Ll, and (_C 1 matrices which 
characterise the line geometry of the first section. The format is 
identical to that whies, is used, if or a conventional Pi-circuit: 



* 

8 

1 

1 

n-,1 

**■ '4 3 A S ** Lwl vL**i 

Vi 5a ‘f. 

LU 

D, 

I 

Uoiz NUmta 

Pxi ti'ei'cc. br. 

e,l<yn<tbt.S (k, r« > 

% 

eieiitnii l( 

K, 

QU31 j BUS? 

} 

6US3 

QU54 

3 !'{•.. i»! i 

.i.. ‘ 1 

' cj • 

1 


.-V ! • 
■ k : 

: cl: 

’ \ 


'.Ul. 

’ C 

g 

AG j No' | 

• AG 

AG 

£6.2 j £6.1 

EG. 2 

EG.2 

EG.Z- 


EG..2. 

EG. Z 

EG. 2 


Rule 1: Number the phases 1 ( 2, . « . NPHCAS. Make out one branch card 
plus possible continuation cards, (See Rule 6) for each phase 
and stack them in this sequence. Indicate this sequence by 
punching 1,2, . . . NPKCAS in columns 1—2 of these cards (field 
• ITYPfi)* These numbers will be referred to later as the line 

•'.•(. position number for this base matrix. 

Rule 2: Specify the circuit consisting of WEHC/.3 phases by the names of 
the nodes at both ends (use columns 3-14; field names BUS1, . 

BUS 2). Nodes aiay be grounded (indicated by blank field name) 
if desired. These names do not necessarily correspond to the * 

, R-L-C matrix values on the same card. The line position c ar d 
takes care of the relation between bus name and R-L-C matrix 
values. 

Rule. 3:. At least'one of the matrices £iiQ, £lf] must be nonzero. Matrix 
C°J may be zero. Specifically, [Rj + JtofVj must be non-singular. 

RuIj 4j If this cascaded pi circuit ie identical with another cascaded * . 
pi circuit then the following a fcox'age-saving option may be 
used: . - ~ 

i , . ‘ 

Repeat node names of the first branch of that preceding set of 
branch cards in the provided columns .15-26 of the first branch . : 

* ■ in the same sequence and leave S, L, C blank. On the 2nd, 3rd, 

■ • • NPHCAS-th branch card only the information in columns 1-14 1 

• is used. ’ .’ • • . 

. ’ CAUTION ? l) Same as in rule 5 of section 1.21. 

., 2;. Rule. 1 & .2 of this section do not necessarily.hold. 

’ Rule t &■ 2 «_f section 1*23 are more pertinent. 

2£0TE: The program will properly process the reference data 
.with or without the CASCADED PI header card and STOP . 

CASCADE terminator .card. Care must be taken that 
- either both or none of these cards should appear. ' ’ ' ■ 

• • - * • ' * 4 . ' * * * ' . ‘ 

1 t « . 

Rule $t The .numerical values for CR} L1, and {C l are in the following 

units. Recall that variables XOPT and COPT come from the floating- . 
point miscellaneous data card (see Section I.Qfc). 

aj Specify in ohms 

b) Specify inductances. .as 

-1) inductance L in mH if XOPT w 6. 




I 

Hale' 6: 


ii) reactance c^’L in oh 
if XOFT gfc 0 * 




tp »pXCPT 

si¬ 


ft) Specify capacitances C., 4 as 

i) capacitance C in fJT- if COPT~O' . 

ii) rvjsceptance CJC in jJ mhos at frequency J4? * COPT 
if COPT £ 0 . •• "27^ 


•Matrices (K\ } ill) and LC^ are symmetric, so only need be 
specified on and below the diagonal. The following format applies: 


{35 

JEEEEEEISm 

vJ .% j rn< «•* .a 

Ts/j s s q a ^ 

^r?rrr:r-% „v ,rq~ 

"■j •* «i •_!_-»{ •'*. •? * S#t if i n.i r»i •»* w.} r. «*i A ni -Hri •*» %.*)» ,Vi *% .V os ■*> 

r .». 01 — 1 »4 «»*• 

If 
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nfuR-v/ 

£n,i 
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■ iii I 

cir 
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u<i! | C?5 
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' ■ 1 

• :j 

1 X 

i W- 

as.-no.-5 

of ;rd < .v7 , *u».«*h 
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^31 

, 

UM 

C 3i 


r^.-" 

i * •* -h 
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Co2 

R 33 

l-Jo^ 

1 C 

N 

oi* Uh ainnirh 


p-ii 

L^s 

t/ 


’ 1**^2. 

C^2 



C^3_ 

1” 

i 

I w 

i 

. 

[ . 


L 

1 • I 

r— 

_ J j 

I 

1 * i . 

* r j • 

1 

. 1 i .. 

J 

■ i . 

• ‘ ,V 


tfc .1 e nAr,u.«n 

of *ith l>mne v » 

• 

Rst 

l»5i 

[bsi . 

A 5 ?. 

. i 

US2 

Cff2 

RS3 


C 53 ; 

E 


* ■ 

*i7 


C.54 

Rs;? ; 

• kss 

Css 

mu 

■B 



* etc, • .h -'.l 
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Hide 7i No branch voltage output, or branch current output, is possible I 

for this component, so don't put any of those special punches in col» 80. 1 

Cf course the complete 3teady—state solution will show all branch flows. 1 

' • - 1 1 

• » 

1 

* Ling position, card for sendln£-»end section I 


Th6 line position card is used to specify control parameters pertaining to 
the associated line section aud lumped elements/ As used for Class 3 data, it 
applies only to the very first segment f the beginning of the cascading process# 
The general definition is contained in the Class 4 data explanation which follows# 


Class 4 : Line position card 

The line 'position card .is used to specify control parameters pertaining to 
the associated line section and lumped elements* The following format applies# 




{» 2>r;s 

g, 4? -^i ^ ^ g> 

laLSis.*■ Si^=■.a.a 1 *«sTs.r-.a«!i.s|; sriV.slt'ji-sIs's'daSii-S'lsVa.•fssris's^lHaT, 

I 

OSECTJ 

a. 

M 

b 

o 

s 

tr 

. UJ 

w> 

s 

oc 

£1 

MSEC! 

PKas^-location indicator MAPCAS{i)\i 

O 

v> 

n> 

jC 

CL. 

nj 

-c 

CL. 

H 

Stc. for ali ph& 36 « . jf J * 

•• * # # • ( 

{ VJLPCAS(J)/2»t t NTH CAS ) • ) 

1 

E6.a 

14 

14 

Ba 

14 

14 

14 

14 

♦ • * * \ . 


’ . Hule 1* Length-of segments is specified by DS2CT.J* This is a per unit 
length where the base length is determined by the length of line' 
. represented by tre. equivalent pi matrix* That is the length of 
-the line represented by this matrix is 1*0* 


I 

i 

* 
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Example; If a 5 mile length oi' line is needed for a section and 
the R-L-C equivalent pi matrix is per mile then DSECTJ «* 5*0* 
However, if the H-L-0 equivalent pi matrix is for a 5 mile length 
of line, then D3XTJ = 1.0. 


Rule 2$ If N id on 1 lea l sections ere to be cascaded together without any 
transpositions, then MULTIP can be set to N rather than include 
. N line UoVi cards. There may be series and shunt connections 
between these sections, out these connections must be the same 
for ?u i sections handled by this multiplicity feature. Default 
value of 1 if MULTIP is left blank. 

Rule 5s Specificatioh of series connection 

MSF.R«1 This indicates that there is a R-L-C series connection 
.for this section(s) and data for this is to follow. 

IKJKRaO This indicates that there is no R-L-C series connection 
• for this aection(a). 

MSifc-1 This indicates that there is a R-L-C series connection 
for this section(a). The data from the last R-L-C 
series connection is to be used. t 

' - ' ' ' fc 

Comments Should the user desire to put the same R-L-C connection 
between every other section this can be easily accomplished as 
follows: 

The first section preceeded by the R-L-C series connection 
would have MSERal... The next section would have MSER-0. The 
third section, which is to be preceeded by a R-L-C series 
connection would have M3ES=—1. , 

Rule 4: Specification of R-L-C shunt connections MBR-1, 0, -1 has same 
meaning for shunt R-L-C’ connections as MSI® has for series 
connections, 

i 

Rule 5* Specification of line-section parameters H , L , and C 

M3ECT= 0 or blank means old R-L-C values are used for following 
. section(s), 

, r * • • . . 

MSECTss 1 a new R-L-C matrix is to be read in 

Rule 6i. Specification of line position. These numbers are a map of the 
position of the phases of the cascaded circuit* The fields 
across the card starting in column 25 correspond to the phases • 
in the order their names appear in the BO'S.1, BCJS2 fields on 
the RPHCA3 equivalent -pi cards. The number entered in these 
• . fields are the row number of -the R-L-C equivalent pi matrix. 

' Thus if the conductor connecting the nodes specified by the 

", .' ■ first equivalent pi card BUS1— BUS2 field has electrical prop¬ 
erties which are specified by the third row of the R-L-C matrix 
• then a 3 would be put in column 28. 

■ 3?or 14 or fewer conductors, cols. 25—80 of the data card suffice, 

as shown. But for 15 or more conductors, the MAPCAS(l) data spills 
over onto as many extra cards of . the format 24X, 1414 as are 
required tc complete the data input. 




„ ‘ , rj , , 

— % s Series H -L-C branch apeciiication ' V. : . 

Claas ^ data consists of aeries R-L-C branches, connected in 
applied P conductor .(phas.) of the line. The folllin« fo™t 

r "^533333HaadHSSIF^ 


?»I til rl. 


~— rr tT a auagi cuaxtc lAaMzi a a a 33 5 H 5 a SiiaSia 

ef:tt-ill:\nnlllj II j ,!t ste* :sfe«: ^s- 

. v ^f:;:}:);l:::iy^;:-^:: ie:[f Mr h^r 

4 ffl 4444 -f 4444 j 4 j-UJ 4 ^ 


; —* «*« * «■* =«* '■ 
*■ ■ “,f “SoSo^ 4 ls ****•. »«“* «** * : * column 27-32 * 

; ••; •;.; SS * *•“■“ “ •.*<*** :. 

Rulo 4: At least one of the parameter values B , L . or 0 at th*» 

card must be nonzero# f * , f or . . « 

BUl ' 5! (o^We'l^c)^ S: T •« * equal to aero '■ 

to aero (or leave blank); if^he branch ± hffl CtanCef 8 f! ** 6qlMa 

th^h^en^s iapacit^cf a ^ ) ’ w^faituSlHSi^t b7 ^ a, ^ ** 

short circuit. etually infinite, a capacitive 

Eule 6 j The numerical values tar v t „ * ~ 

.. Recall that variables’ *&’ «T*«W c^ %£*T^ 6 

: . • . floating-point miscellaneous data card (see Section U0h>. ' 

a) Specify‘ r^ in ohms ' ••• 

b) Specify inductances as . * 

i). inductance £ in mH if XOPT«sO, 

il) ’"OS \ T 4 <m 1 « * 

irToraV^ u frequ2nC7 -^* rXOrT 

2*3* 

; c ) Specify capacitances Cy as 

*) capacitance 'G in jUF if C0PT = 0 

U> if SC SpT- e o “ C in /Jnh0S at f^wenoy W «COPT 

• t* » 2 U* 

^ 71 ^“ d 0f •“*« *** »««!. »«rds is ^gualed h y a hi** 








Class 6 t Shunt R-L-C branch specification 

Series R-L-0 branches may be connected in shunt„ thereby being 
c tagorized as shunt R-L-C branches of data class number 6. This is 
illustrated by the Fig- 1 schematic diagram, at busses 7A1 , 7B1 , and • 
7Cl . The shunt branches in question can be connected between any two nodes 
which are either conductor nodes or intermediate extra nodes, including 
local ground. Xne applicable foraat anl rules for such shunt H-L-C branches 
are as follows* 
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Hule 1* Fields HI and N2 are to be punched with node numbers. If one 

. wants a oonductor, the associated node number is the positive integer 
• (row or column number) assigned to it in the line-parameter matrices 
H , L , end C . Zero or blank is reserved for local ground. 
Any other new, intermediate nodes are given consecutive negative 
integer values -1, -2, etc. for as many a3 are needed. Such 
numbering is local to the line section in question, with one * 

beginning over again with -1 the next time. A‘limit of "HTHCAS” 
such intermediate nod«9 for each section exists (i.e., not more than 
one for each conductor). 


Rule 2: At least one of the parameter values 
branch must be nonzero. 


or 


of each 


Rule 3* 


If the desired branch has no resistance, set R equal to zero 
(or leave blank)? if the branch has no inductance, set L equal 
to zero (or leave blank)? if the branch has no capacitance, set C 
equal to zero (or leave blank), which is interpreted by theEWTPas 
though aeries capacitance C were actually Infinite, a capacitive 
short circuit. 


Rule 4t 


The numerical values for R , T* > a» d 
units. Recall that variables XOPT and 
floating-point miscellaneous data card ise* 


C are in the following 
CORS come from the 
Section 1»0h)» 


a) Specify R 1;J in °h«a 

fe) Specify inductances tj/ as 

i) inductance t in sH if X0PT*0. 

ii) reactance «OL in ohms at frequency <£*XOPT 
if XOPT * 0 . 2f 

c) Specify capacitances C^ as 

i) capacitance C in >F if CdW*»0 . • . " 

ii) eu eeptance CJC in O inhos . at f requpney * COfT 

if COPTIC . Cu 


Rule 5s 


The and of. such shunt R-t-0 branch earda is signaled by a 


blank card 
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it], and tC| 


Claes 7 s Change of l *?. * yar.«r .rtv r*, 

During the c»«-: \;u? process, the line geometry c«n d« altered If 

detired, •'■h.ieh necec >y\ \ -ithe redefinition of matrices (D}, (Id, end 
*C] . If this In Meld "M-’JSL'T" of the onoeclated line-position 

card (fines 4 dote} cr.u-fc have pun-'b*>d with value '* 1" * The general 

data format for Ciena 7 input then is like that of Cl as© 2, with the following 
cnrcep felons: 

a) aale,i ? nnd 4 of the Class ? data description dp not apply. There 
are n» bun nwmes '‘8031" and " JNJR2" to be inputted, so leave 
columns V- 14 blank, 7* storage-saving option is possible, so 
likewise enter nothing in cole. 15-26. 


CIO s a 8 x Terminati t m of Caocaded-PI d ata 

The last card in the definition sequence for a line which is being 
modeled his'.ng "CAGCADiTD PI" is & record reading "STOP CASCADE" , he 
per the following format: 


«'• «v *.<-* +i k* 

W-h. ^ •-***..-wlTa.'i* i-V i 

Ii Mh . . 

This card tells the ETffP that it has now process*-1 all sections making up 
the line which connects the sending-end and. receiving-end busses which were 
defined, on the Class 2 data input. 

k 

IV. Illustrative Sample linage of "CASCADED VI" Feature 

Pig. 1 displays a enaiple network for which the steady-state sinusoidal 
. pbspor solution can be found in two different wry a: first, using the 
conventional, nnnu?il ICdT? data setup, and second using the ‘'CASCADED PI" 
modeling capability 3ust described. Listings of these two alternative data 
case setups for this problem are shown below: 
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NEW CATA CASS ’ ' r .. ' “ -- - 

UTPF TEST CASE NO. 5 9 ' .7 .T». ‘ ~ ~ 

CHECK CASE Fne IMF SAMpl.E SMALL, STEAOY-S*»T£ PROBLEM WHICH 
ILLUSTRATES NANV FEATURES OF THE ‘CASCADED *»t* CA*>ASJtiTV OF fttC 
THIS CASE IS COLLET ELY SET UP HA Hi ALLY, WITHOUT ANY USC OF THE 
•CASRAOFC PI* CATION. " THE ANSWERS SHOULD BE IDENTICAL, OF COURSE 
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BEGIN NEW DATA CASE 

C UTPR TEST CAS 

C SAMFtF SMALL 

C- 'CASCADED ?I* 

0 OF PI-CIRCUIT 

C SHUNT BRANCME 

0 il ~ 


UTPR TEST CASE *0. ta 

SAMFtF SMALL STEADY-STATE PROBLEM WHICH ILLUSTRATES MANY FEATURES OF 
•CASCADED ?I* CAPABILITY CF THE T.P. —— TRANSPOSITION* CASCADING 
OF PI-CIRCUITS* THE CONNECTION OF SERIES BRANCHES, THE CONNECTING OF 
SHUNT BRANCHES, 


CASCADED PI 

1»A1 GAt - 

2R01 GDI 

‘ 3RC1 GC1 - 

j; 0 2 -3 

1*5 t • t~ 

Z ...... 


~n —r 

a — o 


3 60.3 

'.377 ' 8.4(1 .162ft' 
2. .747 4.14-.QZ92 

' .735 3,47-.8067 

~1 2---J.. 

“’2 3 T 

'990999 


8.43 •t559 
4*17-.8277 


.1571 


B=»»; 


W 


"13, 1449,071' 


13.14 

13*14 

13.1449.071 


—T.a 


t '-r 


STOP CASCADE 
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BEGIN NEW OAtA CASE 



















6 


M* BRANCH cards for pi-equivalents 

associated differ otiei "* trlc ” > Tot » conductor., the 


V K “ v m * [u iio-» + lR jr k 

l. 

1 k ~ \ icj iJTk + r 

eJt 

M 

* 4tc]4S» „ 7* 

* 4 j+ 4/kn. 


t *U*i 


l 'W 

1 2 
" *► r- 


icj 1 - 



i^rss ssEf^c w r^Voi that [c] 13 •**« 

’1 • • . 

Principal use of this moHoi np*i * _ A 

°* transmission line, for which the r3pres ? nt sh °rt, untransposed sectio: 

parameter representation (Section*! 26) i^ot^ 0 *^?" a33Umpfcion oi * distribute, 
short sections in series, keeping tnu* It Ll * meeting many 3 ucl 

for a ion* line can be mide .rS S u£ IhTLtXT^T * «odel 

can be automatically calculated iJZl 2?%, mtrice3 t R 3 > U ] , and (Cl 
of increased running time and^ora-£torfee C0nst ant 3 program .$ Yet because 
generally be used only as a last re^nr* * w ^ U i^ e,ner^ *' s, this yodelling should 

£ Uma to - a ” 


is a lePal inrm+^ ^ ^ ^ (°° capacitance) 

is a le<>al input ootion, this soecial situat-inn 

fw r SiS5 S th2 1 JeSIS?i^ r ' co i! p 3:* d H * L branch '». 
i.24 h2 2Z,'ZS$KT* or “ t ° r s,otion 


•—pvwv~~-^tn^^—• 

* | -A/s/S/v.— f ,, » 

. * * 

• 1 : * 

« * > 


coupling 




,•'s H the user just a multiphase 

(N > 2; capacitance matrix to ground, 
then h can input a near-infinite- 
impedance series branch, and ground 
all conductors at the far end. In 
particular, set 


Rii * 10^ 


hi * to) 


for all i 
for i 4 j 


•••;hi - twice the desired final JL 

matrix,: since it will be —r* ■ 

■ halved, remember. 

H re /*> is a "large" exponent, Ideally 
infinite* In practice it is limited by 
the computer installation being used. Refer to 
discussion of high-impedance branches, Section. 1.21* 


* T ’ X 

R n =10? 


! r 22 *io? 


r^io? 


Earth x 


^Jws.'csara»‘aws »• 


• . • / ■ ’ J ( . . • 

diagonal R^ + •> Self impedance of branch i 

(impedance of loop "branch i—ground return"); off- 
diagonal + jvoL^ m mutual impedance between 

branches i and k. (8^ 4> 0 with nonssero ground resistivity) 

diagonal - sum of all capacitances connected to the nodeb 
at both ends of branch 1} off-diagonal C.. - negative 'value 


of capacitance fro* branch i to branch k* 


Data format for data cards 

fo™ l t O »S e ^ 1 tetbs;“ed?* 0r th. follows rulo. and '■ ... 

. elgfofo (^m) (fc,*»ojefe*it/rU if k/wad 

fe rSVSti BUSS 6053 A v A ';h' ■ ' C," ‘ Ri..y; %\ j cJ 

■ ‘‘ ftp; *l£* v ; .g^.2-- S6.gv &k2_ gft.a- 

1 SX! h ! rt P J? ?eS /.^ *• *"» » «* Make out one branch card (plus ’ A ’ - 
possible continuation cards; see Rule 6) for each phase and stack 

A -S ew ^ t ^ i ? sequence. Indicate this sequence by pSnchiig 1 2 m > 

f"< N'W h !' e ' : m .* . 


Short circuit to ground 













JO 


>. 2i Specify each of the phases 1, ?, .... , N by the r.amea of the nodes 

at . ( ' oth e , Jf j a ( use columns 3-1U? field names BUfil, BUS?) * Nodes may bo 

grounded (indicated by blank field name) if desired. 

’rale 3* At least one of the matrices f R 1 t L^l must be nonzero. - 

Matrix (C J may be zeroj though then the Section 1.24 input can be used. 


Hale * 4 ! If branch >!«t« are identical with thoae on a preceding set of H btmnoh 
ca^dn. 'twn the following storage-saving option way be used* 

Hr; node naawa of the first branch of that preceding set of 
i cards in the provided columns 15-26 of the firat branch 
tin name sequence and leave R,L,C blank. On the 2nd, Jrd, 

. ,,H-th branch card only the information in columns 1-14 is 

»ed. 


C APTION i Same an in rule 5 of seotion 1.21. 


The numerical values for CP-1 > 11*1 , and £C "| are in the following 
units. Recall that variables XOPT and COPT come from the floating¬ 
point miscellaneous data card of Section I.Oh . 

a) Soecify R^ in ohms 

b) Specify inductances as * 

i) inductance L in mH if XOPT=Q. 

ii) reactance COL in ohms at frequency U) ts XOPT 
if XOPT £ 0 . 2^ 

c) Specify capacitances Cy as 

i) capacitance C in fJT if C0PT»0 . 

ii) suseeptarice U)C in Vmhoa at frequency U) «COPT 
if COPT £ 0 . . r Eft 

Matrices [Rl, It.lj and (,C } are symmetric, so only need be 
specified on and below the diagonal.' The following format applies* 
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Rule 7* 


fts ~ s* 13 al1 rK ' u1 ^ R - L -° »i«. 

,'f" h j\f trar !' h »"<l later phases), then “continuation cards" aie 
used, with columns 1-26 left blank, it will be noted. 

No branch currenb output is possible for this branch type. However 

iftlumn a fin h «r 0 Jh a£Je C ^ n 4 be obtained on the first two phases (where ' 
mn 80 of the card is not being used) by punching a "2" in column 80, 


. — - ernatj ~ Ye P erff jj ^ ance equation fo r series segment of Pi-circuit 

by o.eMe t or d Mtrloee rlb m (»**) Pi-circuit 

and, t B i , defined o/J, altemaUv 3 . U SSJSS *° U 1 

7^ - EM^-v^) + t8]t km 

If this be the case, he then can use the following procedure: 

Rule_0. Immediately preceding all mutually coupled branches (note plural? N^2) 
for which the AB-option is desired * , , , , , . . \ 

insert an extra data card with the • Hsldalaaiglatdrigfil; 

code "USE AB" punched in what is i ]tr a of j i j 

normally the BUSi-field * "’j VOCi nC • • . j. ■ • 1.H" 

• .... i .. 1 i.l i.. 


! !lL!if, m ni t:L "rA n i dUCt r doupled ..circuits in question, punch the 

thoee of , f £ J taete^Tof TlT. ■ 1 * 1 "° Ul ' i n ° n “ Ulr apPe ? r> “ 4 
[.*] _5S£2H4,[* J (L] . bec°me 3 ,_ ( . B j 


Rule_10: To return to the use of [ R ) and f 1,1 

after having used [a] and £b3 , 

insert an extra data card with the FF 

code "USE EL" punched in what is 1 i 

normally the BUS1-field. for all data .j 

following this card, then, use of t.he • ! ' 

formulation is assumed —~ until 
another "BSE- AB" card should be enm untered. 


33 H 333SHU H 

USE RL , - -i- f-l-i- 




Example 
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SO that they^r^mutually"coupled* 3 ^oeether 1 ^ 1 ^/ 0 th ® Sam ® ri(?ht of 
six coupled conductors (N =6) P circuits constitute 

the data cards appear as foll^af ^ entica * ^-^valents cascaded, * 
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Alternate high-precision forma t 

The $ VINTAGE card (see Section 1.-D), which is honored by 
most computer systems, provides for an alternate high-precision 
, Specifically, the R,L,C fields can be switched to 
>E16.0 (columns 27-74 in this care) if {VINTAGE, 1 precedes 
.^uch fl group of ne W branch cards, and {VINTAGE, 0 follows the 

, Htir V nl £ one trlplefc of CR, l, C) values is allowed 
on each datacard, of course. For the second and later rows, 

f, r ^f r w n ® is from lett to right (e.g„, the card for column 2 follows 
that for column 1, etc.). Series R-L-C branches (Section 1.21) and the 
original distributed line (Section 1.26) are other components which 
allow sue,i new, wi„er formats; they can also be included in the 
grouping between the {VINTAGE cards, then: 


{ VINTAGE, 1 _ _ _ 

f Any mixture of series R-L-C, Pi-circuit, and 
distributed line cards, as long as all use the 
new wide formats. 


{VINTAGE, 0 


To remove any ambiguity as to the format, the following 
corresponds to the case of narrow format as illustrated 
Rule 6 (see three or so pages before): 
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Mutual coupling 


’VTVV-v-- 

r«»rtr. 

Matrices f •? 1 r r *» 

and t L | are assumed to be symmetric. 

.V*i-* that Vm*i - . . . . , 

of ». 1 -. .... .* '•• <#! itf^ntical .in oerformanee t« * h . M , , 

;;; .t tn t‘.e „ ; , n (O *££? 

v,:v :r; '■• *»• ^ cv> . hiw >? 

*v n •°. h '* , '“ *: *hly-accurate v,’ «n»a# formers,. V,«rein it is 

:Lsc'jsr»i''»* «<* 10 ;•'.<• nagnetizin.? -«- Pn v j{ otherwise 

. ^"S* trier representation. " ance * s<? * Section 6. fora 

for d.-it* 

^ t0 Wt:allr ’ 0WPled R - L ei *™^ the following rules arJ i^t 

.- 

L r~~~.* u : u,«*a; 

il:-3;^ - <„ •:**•*' : •*. 1 \ „~1 r ^ i ~— 


"*, * . * * /■ ^ •'i - ^ V . ~ ’" Jh i * *"S * 

*-,’ * *•€► j A'.S * ft." 4 - f X r» -4 —_ j 

J -' a4.2, • .4 j*T^TT~ :.' ---- 

—£J2.a 


: I 


i l 


; U 



Snootfy oa-h + i,, . 

"00,, at bA ^r;%f nnc ^ ?1. 52. ,, n ^ . t * 

"v fce ?-*!.! rjsjd^,;, t,.^ e naae3 «*■ »• 

by bunk field m ZTu deeded! 8082 J ’ «« 



Rule 3s 




Rule its 


Srtr n S™ a ^ a f o e n 1 l e H? CS » With th0S9 °" * P«c«ilns set at H branch 
cards, then the following storage-saving option may be used: 

Repeat the node names of the first branch of that preceding set of 
b^n^h in^ S in Coluwns 15 “ 26 ^ fields BUS3 and BUSu) of the first 

s r cm thls ne vn; le ™ * ^ 1 

informauior. in columns 1-XU ( ITYPE,* BUS1,' BUSaf^used. 0 ^ 7 tH ® 

~ ?, the Terence branch is only identified by an ordered pai- of 

• ifl p , ssible * If more than one candidate 

• the pro^m iS - ae ? Cri ? fcl ° n ° f 2 or more P ara llel branches), then 
?h!+ P f *t simply chooses tne firs t such branch inputted. Note 

rin-nt'? bra . n ° hes 1 NODE-A 1 to ’NODE-B' and »NODE-B 1 to NOIOE-A ' 

: fnd I t? ? S ? e node ~ nam » P a ^s (since the order is reversed) 
. and can therefore be used as Wo distinct reference branches? 

‘S.sr^& f v lR i an U L1 ar v n *? *>£”$" 

miscellaneous date cart (eee £cti« ,.0h 7 . Uoatl "^ oi “ t 


a) Specify R 

b) 


Specify inductances L.. as 

ij 


Rule 


'j[_j in ohms 
du< 

i) inductance L in mK if XOPT « 0 « » 

ii) ^actance ujL in ohms at frequency OJ» «XOPT 
if XOPT $ 0 . 

^ iM. c xhl K^r^S-r ^ spMified .* - 


3: 

51 

*n| HI j f> l <uj » gjl nnh 

. Nbd n&/ne» 
f‘ Is t branch 

: • ' . r. 

r^fi^j ftX| ra; 

■ 

I'll ; 


SSaSSasIiS.. 
’' 1 i' ; 

LsLSi^sjblS 
f ; i ‘-i - 

i | 

.j.? 

52 

—i 

. .Node nn.T-os 
of* ?nd branch 

* : . . - ■! . 

• ■ 1 

" $21 

' ; Uu « . 

• R» 

: 1: ! Lj az i • 

I 

’ j.; ••. 

S3 

... No do n.*»4?a 
-&X 3rd bnn?h 

( h • , 

R 31 ' 

- •• : bar ■, 

$3t; 

••‘jbaa ! - 

• R?3r 

-4 

M 

J/odo najjioa 
’ oC- iitb branch 

i • •• ■ ! • 

•Rir 

' L-,r-i • 

R*t' 


r*- ! 

n-fs- 

••;...;.{ Ihj.u L 

MM. 


i i. . . i 

f 1 * 

f • 

: ' { • 

• ” )• . 

... j,. 

1 t ' 

f ; ■<• • 1 . 

.■ ; 

5S 

Nod names 
of £th branch 

■ * ’ } 

Rji 

• : Ujri ! 

Rsiz 

• ' i L.JT2 ; • 

; Rif 

; h: ; [ Us 3 rf 1 

□ 

• 

i , . . . * 


%' ' 1 5 

RS5 

■•j i*S5 ! 

■..is. 

■ i ■ 

* * i ‘ .1 i. 4.1 


• t i * • •% • f «j 


1 l 

1 i 


i 




“ rd 13 n , ot sufficient for nil required R-L values (for the 

S5 ~S““'' 

SSii ' 

$$ Sf mi fs P°£ used). Jaypunening a "2'' in column 80, 





u* ***> 


■; isr..?. 1 use of Z and 


'3-th a sc* coupled Fc-L branches 


Suppose that the user has exactly three coupled R-L branches, with the 
associated CR] and (!,] matrices having common diagonal values 2 and common 
-diagonal values Z m , as shown in the sketch. Then rather than inputting [R1 
j^Lj t it may be more convenient to input the associated zero and positive- 
sequence values. (ft 0 , L 0 ) and (Rj_, L^), respectively. 



Karrenbauer' s 
transformation 


z\o 


Phase values 



Sequence values 


Section A.l details the tranformation formulas of Karrenbauer which are assumed to 

appxy,-anu tr.e preceding format specification is modified slightlv/ giving the 
x ojuiovring: ° ° 


jluj Ncd'C K’difr&s I.. 


pl ausi I BUS2, ■ : H' 

L^i i : ; • 


i — — i <*Z> tX'O 


j Se^uenvS/ :• Va.l-ues:- 
:\ i :r~ K . —r-*—-—-H* 

•• : ! - I- K.i.. . 


... H 


■~H &S.-2. | ■ Eia.-a-i- 


— : Pur±-er the 3 phases 51, 52, and 52. Make out a branch’-e- v 

S cS^-To^ i Iadicate .^. se< i ue ^e by punching 51?^ and 53*’ 
co -*-^nn* Oj. unese caras (field ITTFE). 

■* ss “r 1 \srs~i v ^ *» toth - ds <- 

(indicated by blank field na^fif deeir^d ' S “ 7 b ® « r0 “ d<5 ' a 

1= ^distance "-^csjaluea are punched in coiner,* 27-U (field* , 

while positive-sequence values R 0, T L o Jp on ^ he first (phase 51 ) card, 
15-80 of the third card are to be 1 !*^ w? ° n th ~ second card; columns 
while L 1 S m mH Sless ' 0^ I n ( ^ , Units for R *** ohms, 
frequency XOPTj see Rule !+)• ** ^ 111 which case L is ohms at 

. Ur * ce a 3-phase branch has beer so <+. 

oranch for identical 3-phase branched ££ f^ 0 ^; erence 

SSE2! bL2£"S “*? «• not left. 

being specified wth sequence^-luoa^ v 0U ? 1 “ t '' * ,rano!l es as 
Phase-domain format v wu ®°* In taat case, the 
ode Tety^Sai^J «iUj» a«u»4, .ith the result being 

innocent as an <llenal ooiumfnn 6 ^ 68 !! 11 * 8 ** 011 * Something aa 







T 


- -.'Xs?*' 

.,'1 .vc> -“'•T’.# 


H-T'V* Y 


*<r> a . 


;-WV. i,,: 


,0- . * • -">..4 .. J-V, 




t2c 


••.. p, 



f , \<yA 


ixmoti t fox the in* names as epeeifi 4 in 


•/ •.; 

*:V 'v»Ov'* : 

i-,' • ** ' / r % • ; \ • 

v.r ,r -‘ 

r •• J.,yV.-V .. , 


tile sketch, end sequence parameters 
as tabulatedbelow, the associated, 
input data cards should he as shorn 
on tbs data form further below.. 


N1A 


f •• • S 'i' I? 

™ >*5 ,v. * ' “ 


I 




I ;/■ V/Anf. » 

' <Nv- 


; *. / ** v'^yW ■ ( 

* 4 > '•• 


m 


l "'i' £*» 




Jo$: !l 


R 0 * 4*5 ohm 
- 67,6 nH 


•‘3.1 ohm 
L^ * 66 tU mH; 


NIC* 




HZB 


./ ■' 

: / ■. v 

.v 

v>; ;.v ’ 


{■ V ( V. 


• .« 


f__ 

mutual coupling 


N2C* 


?a 






f 

Si 

t > 1 

t *. . • 

: N1A 

: H2> 

S2 

1 ; 

J1 Wie 

; 1 

: wrs 

|53 

i: hie 

. M2C 


-{4-!44-J-4-l 


: J-i 


i t 


U..I4 


iit 


1 * ri t \ \ - 

•*•*»<« • *W * *»*• l «»• 


i i ! 

•f- : f ; 


• » *{•••' • * J. 4 ■ t 4) 

I . | ‘ ; 

*.J.. 

i'J ; J.i 


' l 
•1 


A 

i 


.'5 


l*.' 


I I 


T; j"i 


;r 


! i 


•rff 

•Ut 

I i ! 


4..U.J81UW 
..U4~u.u. r 


r 




t 


..lLUJ. 


• ' T erminal node names of transformer » 

. , • ’ When using the impedance matrix program of Section 7.1 to generate £rJ and 

[l], care must be exercised In naming the nodes of the windings.. The printed 
• . output of iRj and in Section 7*1 has rows and columns identified by the 

4 *‘names “HIGH", "LOW", and "MEDIUM" (the last is only, used when, a 3-winding 
; transformer is considered). Unless rows and oolumns of this result are to be 
;}*•“• permuted, node names BUS1 and BUS2 on the branch earls for the tranaforraer 
(columns 3-14) must correspond to this order. \ ' 

h).- .ABD IP YOU D0K‘T KNOW WHY, TfOU AIN’T GOT 

’ ■ • NO BUSINESS RUMIN 4 THE PROGRAM NO. HOW.". . .'•> . ' : . 

•vVp" • • ' >)' " 

;: - ; v Alternate performance equations 




The use of £a! and C B1 instead of 1 r] and [l»7 is exactly 


, ae described for multiconductor Pi-circuits (see end of Section 1.23). This 
, option is particularly useful for representing transformers which draw no 
: magnetising current* in this c$ee, ^R} and £l 7 do not exist, though 
; £a ] and (B ] do. for marginal cases of very-high magnetizing impedance, one . 

. avoids the near-singularity problem, rtith its associated need for high precision 
on input data# 

The saturable transformer component of Section 1.25 is based on this 
approach, with W—1 2x2 matrices (a) and (b) used to represent the N-1 

ideal transformers and associated non-primary leakage impedances. In this case, 

:■ (A) and (b) ar# synaetrie# sc there is no problem* But the general case of 
n .' 3*3 matricaja (m jm d (t*) paOt be converted to (a) and (B) representation, 
■*;*,.. . 49 #' ff; . b# symmetric* See Ref. 22, issue 2, page 14. 




V‘‘"v 1 * 



M: 


If! 1 ;: 


w 


it-] 

kh 


‘■r 


IUj'-I 
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i*?5 Saturable Tranefomer Components 


Single-phase transformer 


The single-phase N-winding transformer' shall be considered first. It is 
a building block for the 3-phase 3-leg core-type unit to be considered later. 


Actually, the use of saturation is net mandatory. If the flux-current 
magnetization characteristic consists of a single finite-slope segment, 
then all-linear components are used in the model, and numerically the resulting 1 
solution will be identical (except for roundoff differences) to that of 
Section 1.24 where matrices f.Rj and UJ are used. Thus even in the 
linear case, the present section may be used; it may be found to be more 
convenient and more general than Section 1.24 . 


The saturable* N-winding single-phase transformer In question is modelled 
a 3 per tne figure below. Pertinent points include the followings 

1 . &-1 single-phase, 2-winding ideal transformers are involved, 

providing the correct transformation ratios of windings 2, 3. N 

with respect to winding 1 . * 

2 ‘ k i, ha ® ^ n . aesociated leakage-impedance branch, characterized 

ance and inductance 1^ . All leakage inductances with 

the exception of must be nonzero. f 

3. Saturation and magnetizing-current effects are confined to « circlet 
nonlinear reactor in the wincing-, circuit. Thl° L Stc^w" 

chaScterietic Sve 9 two a S d °’ n ° nlinear reactor » should the saturation 
transformer is completely linear. 8 the 

4 ‘ Sich^iaT 0<,nst “*. linear resistance R 

wnicn is In parallel with the saturation branch. ma S 



i 


single-ph^a^t^nsfomerf finding, 

• . .. 










To input such a single—pha^e saturable transformer component, the 
fallowing rules apply: 

Rule^J^: The first data card for the component is to be punched according 
to the following format: 

3 33333351 jg sffsi a si 3 s dasi mg 

Aa#./ »*% 1 (Uetv 1 : • L ’ -s' ! . ' I < • i • J : flj ■"? ! ' i • i 


5f>ecb I jfeier*. 

request [name 

VeW [BUS 3 

r RA«$FORKER s A 6 


Wl 


t * \ 

whi 


' •:• •;•••{•; ! •;.j l - i ••'■•••! - 5 9*n •■;•• -L- ►■•}••;'• '• 

' 1 ■ - : .; Jim : '<2>" i 1 j 'r:^ 

■ = *i • |Efe-2-! -£^a :A&.;Jp:<,.2.:.'Uiiy 




ft. 4--S-4-+- fji.H 


"Special-request-word" field is punched with the 1C characters 
"TRANSPORM.SR » . 


BUSJ --"deference-component name. Leave blank unless using 

the reference-component procedure of Rule *4. 


; steady 
^ steady 


Components of point in the flux- 
^ current plane unnd to define *>•»<» 
linear inciuctanco wh../:*Vi repreaents 
the raagn e t iz in g branch during the 
phasor ateady-state solution. Meaning 
is as in Section 1.33 . 


vt._ 


BUS TOP — A 6-character alphanumeric name for the internal bus at 

the top of the magnetising branch. This name uniquely 
identifies the transformer. . . 

IOUTMG --Output specification for magnetizing-reactar.ee branch. Punch 

"I" for branch current, ”2" for branch voltage, or "3" for both. 

*mag --■^ ie constant, linear resistance which parallels the 

magnetising reactance, accounting for core loss. 

^he specification is in ohms, with a value 

of zero or blank taken to mean fl a cO . 

mag 


Buie 2 « Assuming that the reference name 
BUS3 is left blank, the card 
9i rule 1. is . followed by cards 
Which define the saturation 
characteristic of the 
magnetizing branch, format 
is exactly like, .for the type- 
98 pseudo-nonlinear reactor 
• V-' •• of -Section, i f 29 . . • 

1 * -■V 'yiC *he bilgin' (i«0, ^ *o), 

•'••• >* - ■ is &L point, 

not to be inpu'v y :\. 

..; ' ' ' -isxpiicliely. " 





? 




Current and flux pairs? 1 .or the 
breakpoints are punched in 
fields orjR nn d m , x # s 

use columns 1—32, one pair of "* 

values r ,er card, inputted in 
monotoue-lwreaeing order 
(n^vngtMut away from the origin). L 
'■ th '.’uordinates must be 
"*-ciotly monotone increasing. 

'tlie idnal point on the characteristic 
merely defines the elope of the final 

wh i£ h is assumed to extend to 
Infinity. The last point is followed 
°y s terminating card with ,, 9999 ,, 
punched in columns 13-16. 


CUR 

E16.0 


FLUX 

Et6.0 


Mill 


SS“**a»sar* <w w 

^s^vsSS^^£r=ssA. 

*eactance is assumed not to exist. 9999-card, the magnetizing «, 


JtaleJL* B:>r each transformer winding k (k»l ? «\ 

winding card in the following format:' ’ *”* 1 \ the U8er in P uVs a 


p: 

# [ No<k names 
£ eiisi i euse 


12 A 6 


3S313L 

^NiliVoits 




*0 O 
*i C u; 
H* rt* 0> 

g C 5- 

t* 3* M- 
« : •* H 

a 


e si 

5 03 n 

Cl -» in 

s V 

irf >i 

ft O 

3 sf 

S,£ tt 

a * g 

6 3 


ITYPE 


BUS1 
BUS 2 


i- 


Et,2i Efe<2 I ECi2 


ss r;r feAss. 1 ; s 3si”». 
SvS—mis.:Ti*fja ■ 

1Bi,a 18 ‘•sjeen to mean ground, 

r r auon - 

/* n , • ORm<, » wnile X. is inductance in mH 

IrSch till f ra “ st ' r of l3t "i" 0 - tota cart to nonz.ro, 
Which case 1^ is in ohms at frequency. XOPT Hz). 

Rk may be zero, but .1^ must, be nonzero (with the 
exception of winding 1y where 1 .» 0 is permitted if 
» 1 / 0). • • 


Volta - 


XOUT *»WHWWk„ 


in C ^e.% r io'" >P0 ^ i “ al th. number of turn. of th. wtoMnj ! 



wJm^toLihV Pr i'“ ,3r) ' . t-punoh to columh 

1 - maKe branch current 1 , an output variable. A 

















12 is 


•Sul' 


Should the user desire to specify » 
identical to those of a previously-inn-! 
following reference-component procedure 

a) On the card of rule 1 
punch only the fields* 

. ’ shown at the rirht. 

- field BUS 3 now - ' Sft 

carries the name which • r “T‘ 
wnn punched as variable ! Vq,|V 
EMSTOP (cols. 3 - 7 - 44 ) ■ | dA 

, for the reference component of wh 

- b) c ^ rds of ?ule 

2 (the 1- yp curve). f7 .,TkTLTT 

c) 


v rmer navmg pa raiue t e rs 
•i unit, he can use the 


I Spt- 

■ . 

I VaV 

3 A 




• 

Pilch 

name 

• 

BUS3 

• 

. AC, 


* a copy is desired. 


lia: 

: :\G i 


for the cards of Rule 
3 (the winding cards), 
punch only the fields 
ohown at the right. 


t’i | Mock. "isnreS 


£ BUS1 GU^£ 

12 AC, a<£~ 



■ ...: oaver^oXrsp^S p0SSible » as « 

-«*-l orror to the dsta 

Three -Phase Transformer .»''•■* 

an ® ^“ Pha f® °held-type transformer, ~~ 

an iron-core path is provided for the 1 -> ,-‘ ,__ 

return oi zero-sequence flux. y 0r this I 3 b 1C I 

case, it is reasonable to model the I W-aJ 1-fL.oJ. 

device with 3 separate single-phase units I H I U I I 

•< lerc jy assuming that the magnetic * f[ / r i Ti jjl— l.L J J 

•induction, of the three phases is ' 1 ^ ^TrT ■ 

independent. In this way, a 3-piui.se - 1 -' I -—— 

saell—type transformer presents no 

complication. 1 -—-—— ■ , „ ______ 

Ihit for the 3-phase, 3-leg, core- 3-phase shell-type transformer 

type transformer, zero sequence flux is 

forced to return through the-air. As ' • . ' 

,he resulting performance is radically 

(•afferent (in general; for situations ___ ' 

. wit re the zero-sequence is excited) f —- 

than that of throe S in E le-pha S e imi.o, ah- 

a new 3-phaae component is clearly . ° ^ 

called -for. Such a component now • J"-1 """"‘"i} - "- li ' --- 

exists in the conforming to f . f *~j ?- —(~- 

the following assumptions? *~T r j> —L — I | 

* * <1 - f ' | , * J . . 

Assumption- a) ‘ *~f T *4~~~—& < L~ 


A magnet ization characteristic i- u/ is 
known for each of the three legs of the 
transformer. Pbr any one*leg (any phase) 
this characteristic relates the flux in ’ 
tho leg to the m? difference h«tw 0 „n + u_ 
.0 ends of tho l.«ltop and“botim V 
the sketch). m% this is aot the 

-xperxmentally-mpas:upp 4 curve obtained 
iwri one winding of with all 

others open-cirbuitpsu \ with all 


copied. 



3-phase, 3-leg, core-type 
tranniormer 
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Aisumption b) 

r.-e air—retiim path for zero— sequence flux is assumed 
to have known, constant magnetic reluctance • 

fy def_n:.ticn, zero-sequence flux travels between the. 
top ar.'i better, members of the unitj through the air* 

With this physical, data available, a 3-phase ’ 
corc-cypc Ireneformer can be modelled as in the 
figure at the right. Note that this is an 
tr.terco!r.eetion of three saturable single-phase 
transfers err, two ideal isolation transformers, 
and a cc-ro-sequence inductance L 0 . Data 
input for this model i according to the 
foiiowinr rules: 


I’m I... ! I. I— 

---■:«..» u >*: 

J r^z rj ***■«»'* ,T” ! 

", : j —~i f ’ r li... . 

i— — f ——J ^ I rl*. I 


- t [ — ) IW J 


- ~-»_ j 

* i Ws I 


n>^—-i 

■'fli 


. J Ida 9*4* a 

j S#Un%bl* 

i 


b J L b ( »cu t 


~ • “orin with a request card for the 
5-phase transformer component, 
using tne,following format: 


Hi * I ). , . L—o 

y^wg)., „ j _l %i j 

f _J ■ i'ttgfl i **‘>«n* ~ 1 

h li^i 1 Li_, . 


f —■- rv *~i -*c‘ ir>' >t», >*% wj o O' — f on. net try *5, 


}..riijl ^i 


{** * f I » ‘ | | i r I ( «3R*T ! i i | 

• opecte t ;-;"v 7 -r •(•■(•• jTJfcrtft-rf 

:... i K«au*it ’ UiX]*'"MS’-T'-'Iotsr 

■ 1 _-_L—-LiZZigU.rjrrj 

i.|TRANSF6R8ER THREE-PHASE. .£4.|2 


* ne ^eld. marked "Special Request Word" (columns 3-26) is to be 
punened with the 24 characters "TRANSFORMER THREE PHASE " , 

StSJRH A 6-character alphanumeric name associated with the 

transformer. Ihis should be distinct from all other 
names used in the study* 

*• * ’ Reluctance of the aero-sequence air-retum path 

for flux. In the circuit, L « . 

]^ ed should be consistent with current and voltage 
seconds! 6; 01111:5 for "time" are always 

l 

£aiS ~ £i S- e »”“u^bir ,U8S h 0ar J U t0 le foUoWB4 V data carta for 

orrse ^r^o™*J^ Sxe “ Pha3 ® transformer components. These single- 

Z •if ,rould * xi8t if * ' 

naving infinite + gnetic connection with a member 

bottom ends of thHorefi 1 pl&C<id between the top and the 

can be used for any and/or all pr0Cedure (»«1« 4) 

In orde~ 0 - I * Sin ^«-P^se units in question. ■ . 

singie-ohas*’ uril- *^*t*wi8fom®r data defines the 3 saturable 
transformers Circuit * As the 2 ideal 

*y the p^iia£/^if interconnection is handled automatically 

core-^type *uhiV. 4 y@§ d&tct, input for the 3-phase, 3~leg # 












f .t* 

-fJd 


Delta transformer connections 


Delta transformer connections can sometimes b« a little tricky. They 

also are not uncommon, so that a little specific explanation of this configuration 
la perhaps in order. wm* 8 u»u ua 

First, tnere la the equivalent circuit when modeled using three stngle- 
p.^se saturable transformer components. If it is the primal which is delta 
connected, and if the secondary is grounded-Wye, then the following sketch ' ' 
©hows the resulting interconnection of elementary componentst 


fV* 


V3s 


' ^ 


<y 


«* L; 


\N2 5* * , 


Fa IT 

Here R 1 and L 1 are the primary leakage-impedance parameters (assumed to be 
the same for all three transformers), and R 2 and L, are those for the 
secondary. Bus ”T1 " i 3 the internal node "BUSTOP" for the first single- 
pnase transformer whose primary terminals are "TA” and "TB" , and whose 
secondary terminals are "SA" and ground. Et cetera for the other two 

ffSfrll+J??! transformers, as per the following EMTP data-setup listing 
tfor details, see Ref.. 8, November 12, 1975): 


TRANSFORMER 
Z. I t 37* 

50. 1365. 

tOOO#. 1478.6 

9999 

IT* TB 

ESA 

TRANSFORMER Tf 
ITS TC 

2S9 

TRANSFORMER Tl 
ITC TA 

ESC * . 


E.O 1137. Tl 3.O0E5 


>25 25. J.03E5 

>25 25. 3.03E5 

* T 2 


, . A „?® COn f Principal point concerns the need for a path to ground on the 
tt lJi ° f + .? he bank * a f l°*ting del ‘.a is not allowed, since mathematically , 

J? en 0n3jr be defAned within air arbitrary constant. Of 
?f ne iS connecta ' , t0 - thw delta aide, there is no 
problem, sine line capacitance provides lie connection to ground. Likewise 


f« connection to one or more voltage sources?, cither direct or through other 
'’simple*' elements, will notlafy the requirement. Cut the common, isolated* 
delta-connected tertiary of 3-winding transformers requires special attention,' *• 
'ft)ore am two common, general approaches: 


yr i -t | ol-- tt ’ccd solution '? If th,» user is interested not 

tit nil In voltages on the 
delta aide, it is convenient 
to a imply ground one comer 
of the delta (are sketch). 
This provides the needed 
ground connection without 
altering the problem 
solution elsewhere (since 
no current can flow in 
* the connection to ground 

anyway, by Kirehhoff'a 
current law). 



Pain need_solution t 



If preserving the inherent 
balance on the delta aide 
ie important, then stray 
capacitance can be added. 

Tile a imp 1<?at procedure ia 
to connect three equal 
capacitors from the 
comers of the delta to 
ground, as in the sketch 
at the right. Caution 
must be exercised to use 
realistic values, however; 
an ouch capacitors go to 
zero, a matrix singularity 
will be approached, and the 
user will get into trouble 
with miscellaneous data parameter 
singularity tolerances "KPSILH" and "TOLMAT" 

(see Lection 1 .Oh explanation). Hie EMTP memorandum 
of November 12, 1975 (Ref. 8), Pig. 2 showa a value of 
0.003 /•'F being used on each comer of the delta 
connection of a 25~kV delta to 500-kV Wye transformer 
bank. 



Warning Abo u t Possible 3-Winding Numerical Instability 

A warning about possible numerical instability must be given, with respect 
to the three- winding saturable "TJRANSifOItflKR" component. As of August 1977, 
three different groups of EMTP users have observed the problem: 

1. Dick Webster of Pacific Gao & Klee trie in San Franc .loco, California; 
.2, Alan Courts of BFA, Portland, Oregon; 

• 3* A# associate of Dr. Brian Dixon of 0. C. Hydro, Vancouver, B. C. 


,n he obvious symptom of trouble with ouch numerical instability will bo a 
■string of Mesnage-18 printout ( "THOBBLE AT 73912 ON WPP-99 OR 98 J&SK 
' NUMBER as described in Section 2.2b .. 'lain assumes that the 

magnetization characteristic is truly nonlinear (two or more sections), oo will 
be internally represented by a Type-98 pscudo-nonlincar inductance element. 



'? • 


troubU with the P Syp!2?8 ^lelent^t r ‘ her * rea1 ^ ia no ; 

• voltages, he will see in auch caoee that * ** °J® loolcs "t network node • ' 

» • ^Ing up exponentially. Program M^tenano^At^ 1 ? diver6in «? 1* is 

problem in some detail. the tr-i-ni ah+ -nance at BPA Voiced at Dick Webster's 
: of the 60 Ih steady itaf phni • orloJutL^ J?,'**/'"* *»* 3 ^ntinuatibn 
f»P*» a PPoared to the eye to be p4?ecny sin^oidnT three ***«. «*• 

error (numerical noise) was being amplified Is 3imply that ^doff 

could not detect exactly when the "hash'’ k» OT n \ f m 'f iation progressed; one 
• exponentially with time. Physically 'the bUu At a PP ea «d to grt»w 

. might expect had there been T™ T* What an »&*»* 

■■ still looked nice and sinusoidS at* S *** J^** 0 caa *> which 

exponent overflow by about 100 msec, as I recnllT ' the mGchine w ith 

t 

• b « LJ 8 $ ia not believed .to 

we are not prepared to formally state anythin* «* * J 00 ”®'* 1 ) nas come ideas, but 

aware of the potential for trouble in XT ShII 1 a ° UGer ahould »* 
not necessarily advised to avoid all ^5 ^ I j f g case * however. Yet he is, 
Mnce most situations seem to nose no trolSf 8 8 ? tU ” blfl . "^STORMER" usage, 

f0l ” a ln tfle ^ st °U° problem of UtVtS 0o°f ]”“ ble * 1 ' re ' ! 

alternative to the use of P ?hroa?uTObu n ' > "?HANSfof« 1 ?r'' 7-1 ' i ° C ° provlde «a 
translormer representation will be linear L w ‘ M ' a com P otl cnt. The resulting 
ax-o allowed at prevent. H eS S^ C J°ITY- „“«> winding 

niatrices, to be used as per Section 1^24 .° l ^ 6 ° gonemta £ R 2 and £lj 
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1*26 Branch Cards for Distributed-Parameter Transmission Lin es 
General Comments 

The modelling used to represent transmission 
lines in the Transients Program poses a number 
o.t* possibilities for ti e user. 


To start the analysis, one can write the 

'exact" partial differential equations 

governing the voltage and current on the 
"1 _ « * 


line, 
are 


- 1 - ww** wuw wu uuu 

For N phases (conductors), these 

4 LRir 

4 [G] V 


Although the incremental section of line 
has been sketched only for N»l f j_n 
general these are vector-matrix equations, 
where lL } , {.E}, an d [C] can be 

determined from a line-constants program. 
See "LINE CONSTANTS" of Sect. 7.4 


i! 

% 

1 



3X 

3t 




— 5*0 M. 

It] 

5 IT 

3x 

w ^ i 

St 



--0JURJV- 
R'a>c u'a% 


x 


4 

J 




Incremental section, length = ax 


"S" => Self 
"M" s£>Mutual 


Now if the transmission line is assumed to be 
transposed (or Just balanced, if 2-phase), then 
all matrices have only two distinct element values: 
a ll diagonals have a common value »S", and all 
off-diagonals ha\-e a common value "M". Only under 
uh.j .5 assumotion can the line be represented as tr ul y 
distributed in the Transients Program at the Dre. 3 ent time. 
y- nuch a transposition assumption is not realistic for the 3 tudy 
O'. _'.ng contemplated, the user can cascade lumped-parameter Pi-sections, 
on™ 0 * Wh o h ap 2 r °u imately represents the actual construction over the maybe 

win onmnn+oi ° f aection * Yet such a lumped-parameter solution is costly 
in computer time and storage requirements, so should be avoided if practical/ 


s 

M 

M 

M 

$ 

M 

M 

M 

5 


\ n ~ Assuming^ distributed representation, the transnosition assumotion allows for 
u d l 1 +, de ?? Upling T means of Karrenbauer's transformation (see Section / 4 .I), The 

into ^eoui^lint e r fc /° n , S in P ? ase (regular 5 original) variables are converted 

mortp an^ /S p 1 !" uncoupled single-phase problems-a zero-sequence (ground) 

mode and (N-l) identical positive-sequence (line) modes. . 






"G" Ground 
mode 

"L" s=^ Line 
mode 






tf where 


jt| t . • , 4 r. 

. i * ‘ ■„ 


“ {**0 * W \ j / • 

®»«l% - *i)/H 


R(. * R a + (H-lJRu 

V®*. - V 


'‘line resistatvse R , inductance L , and capacitance C are inputted on this 
basisi one »et of values for the sero sequence, and a second set for the (N-l) 
positive sequences* 

As a single-phase transmission line is mathematically identical with its 
'*ero sequence (i*e«, transformation produces no change), this special ease 
, simply has no positive-sequence values) only Zero sequence data is inputted. ‘ 

-..v\ :> . .•• • ... ' . • • . ; • ?? 

.. >• 1 # . • • , , * \ - • 

Distortionless line modelling 

A transmission-line mode ie well known^ id be distortionless if parameters 
far that mode satisfy the relation R/L *• 9/C . Of course actual lea:«age 
conductance for an overhead line is very nearly aero, and no provision for 
Inputting a nonzero value is provided by this program anyway* If the user 
wauts distortionless-line modelling. It is presumed that the input value of R* 
ia meant to be a measure of the total line losses* Therefore the program splits 
the losses into series and shunt losses by computing the series resistance 
^series * nd th ® leata M?e conductance Q-| from the relation 


^series 


a=*... 


•£) 


With this formula, the ac steady-state results are practically identical whether 
the line is modelled as distortionless or in the other two ways to follow. 
Transient responses differ mainly in the initial rise of voltage pulses.. The 
attenuation constant e< ie found from tljd relation 

fj'.te? . £.-| 

®h* corresponding Pramut factor 1. I thoro Ji ta thf line length. 

3u°h distortionless modelling.is generally used only for the positive sequence, 
if at all. • - 


lumped-resistance line modelling 

The second (and only othe* ) distributed model which Is readily solvable ie 
that in.which the series resistance ie pulled outside of the distributed line, 
and represented as a lumped element. " This is the most common representation 
used in BPA studies, the standard representation which ia assumed unless the 
user specifically requests otherwise (see variable IPUKCH, cols. S 3 -&K v Ths 
program automatically cuts the line in two, inserting half of the resistance in 
the middle, and one fourth at each endi 


O' .O'" - - — — i —v-Y A fV" • — — — - A AA/ --. 0 NAME 

Of tar ro« v. v _, w-JL v _ _^ 2 nd node 

~ R r 

4 distributed t . distributed 4 

lf,C* * tf,c‘ 













I 


~he half-length distributed'sections. then become lossless (hence distortionless 
vith attenuation •( * 0 ). Both modes of most lines in BPA studies are usually 
so represented at present. See further comments in Section l.2 . 

• i 

‘‘Yeonency-dependent modelling 

The resistance and inductance of the zero-sequence mode are typically Quite . 
rariable vith frenuencyj the resistance in particular, which is fSvherwra 
substantially larger than for the positive-sequence mode. ‘-Exact 1 ' distributed- 

SorJ^n er i r 26 P b r ' 3entati ° n U "° W * vaiUble for the sequence, as described in 


Data for mat for distributed-parameter line cards 

transmission 


8 8*^0 
is *■ 

•owe 


f GEN-A 

U»VE parameters 

f GEN-B 

.j FOR ZERO AND 

) •.* . 

l -- : 

l T 

POSITIVE SEQUENCE 

a 


END-A 


END-B 


END-C 



55 {j.4) 


HuleJ. j • Number the phages - 1 , -r « ! Ml 

foF*aoh phase, and stack tw ~ K * ** ke out one branch card 

y punching .{> „.!7f!S I ” Jicate thls 

H cannot exceed 5> phases. - umA * 1 * 2 of ^eae cards (Held I TYPE). 

5H|e£t Specify each of the Phases -1' . 

aatett ,is 

* tesxaaxa&nas-»~ 

1.23 ™jr b. „„ S’°P«on.Pf rule J, t „ section 

.«iS«&* 8033 «*' ■* *« u^n^r^-otSxit 

Ss±li * *^* ) J^?arsas 2 s^; card cans f ° r **• 

ror ino «t are possible ^ and len ^ } yet three forms 

gj—WST :J ! i n cSri,r r “ nit 1 '" Bth in ' 

** 5 ~ 50 ' * ^ in con3l3t ©nt units in columns 

b> ( «g?” a ->2) dotcr^ncs ho» . 

TV* . 


ILIKE 

. ,, A" —— columns 33*38 

"B" -—- columns 39-UU 

. 

0 

L» in mH/length if X0PT*»0 

C' in pF/length if C0PT»0 


Reactance 03L» in /length 

Susceptance WC' in ^ mho/length 


at frequency XOPT if XOPT^O 

at frequency COPT if . COPT^O. 

1 

Surge impedance Z g in ohms 
Zg^L'/C 1 

Propagation velocity in length/sec 

V ml y^Tc"' 

2 

Surge impedance Z g in ohm 3 

= t L'/c' 

Travel time 7* of line, in sec 

>*■</»* 'TPcTiJ!: | 


RuleJJ: Output options for printing and/or plotting use a column-80 punch 
(variable IOUT ). Only for a single-phase line is branch-current 
output possible. Within this restriction though, 

f* 1 

1 «$> branch current outDut only 
• IOUT *E£ " 2 s£» branch voltage output only * 

w 3 both branch current and voltage output 

A blank or zero will give you no such output, of course. 


'/ Rule 6: 


Both modes of a line must have travel time ?• in excess of the time 
step size At (Sect. I.Oh ). If not, the program will stop with 
an error message (see Section 2,4 ), 


Rule 7 : Both L' and C' must be nonzero for each mode. 

RulejB: Variable IPUNCH o.f columns 53-5U. soecifies the type of modelling to 
be used on the mode of the card in question: 

_ J 0 lumped-resistive modelling (the usual case) ' 

IPUNCH ts < 1 di3tortionless-mode modelling 

Vj;! ^frequency-dependent mode modelling (for zero seq. only)* 
refer to Sec. 1.26b for extra data cards required. 

It is not obligatory to model the two modes of a multi-phase line 
the same way. , * a 




| N-o [ d*r ; Names] 


BUS1 

.: '"fr 

BUS2 

j 

... 

BUS3 

BUS4 

; AG . 

.AG!" 

.*$•;' 



cot Cn!oJ - , ■ 

fviroj 00j c>| 

JC X.-V* 

,2.&5 

. .4) *** : 

PC OC '■ 


tnj *o| r 
H c 


n sr r 
tf j >r[ « 


£ 6.2 


.1 


As 


.L.,.. 


...L. 


6 


•eg-2- 




..... 

^ -*Oty 

:S 5.J. 


OJ 

z 

-a 


x 

o 

2 

o 

a. 


i I 
r* 


itr 

f 1 


EG; 2' 


12 


ia 


Si IOUT 
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Example : 


Consider the 3-phase line shown in the sketch above the preceding 
format rules. Suppose that line length is 180 miles, with 
parameters as follows: 



R* [ohm/mileJ 

L» [H/ndle] 

V [pPd/mile] 

Zero seq. 

10.9 

*077U 

.0107 

Pos, seq. 

.0131: 

.029U 

.0192 


=P 


Corresponding data cards for input to the Transients Program then arei 

II «|'i>Jcel o»i oj — I <nI m! V wi -at fsiaaj o>| o[ ■—i rs) nj ■.) in) >o|»! un 0T0F 

i ! I I I H CM|tN|c4[rii) <r*| rn <v j j on 



R2 

-a 


ktert. 1 - Ai 

•<• i.-a.-j 


rrl. 


6WJbl 

Vni. 

—;M 


.Ai 


-B} 


.U 

•i ! 

• 4 .. 

I 

4- 


1 • ',0 ,^i. 




Consider .four separate, uncoupled single-phase lines, as per the sketches 
• below. Corresponding inpu‘o card3 might then be as follows; 


!~::i! 

i 


...X.T51WW. 

|-4 


.JfcK.f. 

h 

ilMl 

'M ■ 1 

L3 

... Jui 1 1 


* *r' • 

j 

■TT7"i 



I- 

! I ! ! 


... 

i 

..L. 

r : 1 

...L..L.LI 



1_ 


m 


~NH4- 


;oi 11 

•V : “t 


■>!.! 

. uaj:., 

Hi 


’ T -. 
..J... 

3i| 

k&J.. 


M. 

r f 

! 

...?J 



E:S 


i.:.L 

..in 

i i i 

_l_ 

:>i ! 

} 

1 

J-LL 

LL 

ill 


(assuming X0PT-60 and C0PT=6o * see floating-point 
miscellaneous data parameters, Spction I.Oh 


lB! L Wr ——. 

s. 

M- 


*— —- 

JR 

'T 


.0»r\n{ ^ ^^7*^® 

—Co\J c (/• J! / 

JvoC 1 * \h . (- M*V\i\0 / Kule 
4 lA*.v\cU\ a . I Yvvils S 


l0-/\ 


lfc-fc j ^ 

-C ( •£, r 00-0 

"f * '• 4 t'O \\\% 


—Aj\A/~—• - -■ 

a 


-\A-\—a •- "\vl'e 

l -1.00 






















f!j) The $VTNVAGE card (See Section 1.-D), which is honored by 

■' moat computer systems, provides for an alternate high-precision 
format. Specifically, the R,A,B,L fields can be switched to 
4E12.0 (columns 27-1H in this case) if $VINTAGE, 1 precedes 
.such a group of new branch cards, and $VINTAGE, 0 follows the 

grouping. As of August 1980, Pi-circuits (Section 1.28) and the 
•. Simple series R-L-C branch (Section 1.21) are other components which 
allow such new, \ ider formats ; they can also be included in the 
grouping between the $VINTAGE cards, then: 




















In general terms, the special double-circuit representation of this section 
is to be preferred if the two circuitB are physically separated, as in Pig. 4? 
if both circuits are supported by the same tower as in "lg. 3, there is 
questionable if any advantage over the conventional continuously-transposed 
pfpjwflpntation of Section 1.26 . 

t , 

Mathematics of Double-Circuit Model ■ 

Mathematically, the coupling (resistive, inductive, and capaoitivej we 
use the general symbol "Z" simply for illustration) between phases is 
assumed to have the structure of Pig. 2, where three distinct parameters are 
seen to be allowed. This is to be contrasted with the continuously-transposed 
model of Pig. 1, where there are only two distinct parameter values. Several 
specific points concerning this difference followt 
• 

Point l a The two circuits of the double-circuit component representation are 
assumed to be identical. That is, rows and columns 1, 2, and 3 
of Pig. 2 can be interchanged (permuted) with those of 4, 5, and 6 
without altering the matrix. 

• • •'. 3h Pig. 5, the two 3x3 

/ diagonal submatrices tZn3 ; 

and tZ22l are identical. 

Point 2 : Z s and Z^ are the self ; j 
and mutual. coupling j 

associated with either / j 
one circuit taken separately, -j 
With variable grouping after j 
row and column 3 in Pig, 2, 
the partitioned matrix form 
or structure of Pig. 5 
results. Mote that CZ^] , ! 

and L^22^ each are of ! 

the form of Section 1.26, 

.which means mathematically 
that each circuit taken 
individually is continuously 
transposed. 

Point 3 » All elements of {Z 12 I OI> t z 21^ are • 

equal to the same value Z p « T -the mutual coupling between 

any one of the three conductors of one circuit & any one of the three 
conductors of the other ircuit. . 

Point 4 : Bie three distinct phase coupling parameters Z s , Z m , and Z p 
can be indirectly specified by means of the three distinct modal 
coupling parameters Z(j .» Zj, , and Zj^ , The relationship las 

, z a » z s + 2 Z.J, + 3z p 

Z L “ z s “■ * 

Z IL “ z a + 27, m ~ 5Z p 

• • ' ; Here Zq is the ground-mode parameter, identical to the value for 

the eero-sequencs mode of the continuously-transposed line of 
Section 1.26 if parameters Z p an-.*, Z m luippen to be equal (so 
thal? the six conductors actually are continuously transposed). 
Parameter Zj, is identical with the familiar line-mode of the 
continuously-transposed line, always, and has modal multiplicity 


A 


H.i 

1 0 

L\z 


Izz 


Pig. 5. Partitioned form of 
matrix of Pig. 2 
(each block ia 3x3) 



















Point- 5 : 


15<J 

of four. Finally, parameter Zjj, is completely new, a line mode 
associated with intercircuit zero-sequence coupling. 

Further details can be found in Reference 7, plus the September 19, 
1974 memorandum of Reference 8. Simply for easy reference, the 
modlfied-Karrenbauer diagonalizing transformation which is used 
for the double-circuit component is the following: 


[si- 


Here we are using the notation ^ gj“^mode for any 


rector X 


I 


BMTP Data Format for Double-Circuit Distribu t ed Line 

' " T1 ' " I 

Data preparation and input for the double-circuit distributed-parameter 
line component is the same ae that for a continuously-transposed line (see, 
Section 1.26) of six conductors, except for the following.:.,.;.... 


Comment 1: 


Comment 2: 


The three conductors of one of the circuits must be numbered-1,-2, 
and*3} conductors of the other circuit are then numbered-4,-5, 
and ~6 » ' 

Modal parameter values are to. be punched on the.first three data 
cards (corresponding to conductors -1,-2, and -3) in the following 
order: • 


t) 


The 


' 'A 
* 1 .' 




b) 

o) 




The fields and units used for such data of columns 27-80 are 
identical to those for the continuously-transposed- line, with 
frequency-dependent L'ne constants (see Sect. 1.26b ) allowed only 
for the "G-** mode at present. 


I 
l 
■ i- 



•i 

• 2 

2 

1 

.0 

o- 


■1 

1 

1 

1 

1 

1- 

< 

X 

-4 

2 

1 

0 

0 


1 


0 

0 

0 

0 

, « 

A 

1 

2 

-4 

t 

0 

0 

[s r’= 

1 

0 

-1 

0 

0 

0 







JT , r _ 







Q> 

1 

0 

0 

-X 

2 

2 

1 

1 

1 

-1 - 

-1 

-t 


1 

0 

0 

-X 

— 4 

2 


0 

0 

0 

1 

— 1 

0 


.1 

0 

0 

-1 

2 

-4- 


-0 

0 

0 

1 

0 

-1. 


"0" mode goes on the card of conductor 1, and the 
mode goes on the card of conductor number 2. Note 
that for the special case of Zp and Z s being equal, 
this data input is absolutely identical to what would 
have been done for the continuously-transposed line model. 

The "H" mode- goes on card number 3 (that for the 
third - conductor). 

Cards 4 through 6 are to be left blank, for colum n s 27-80. 


* 


V ::.X 





/ 


Consider a 180-mile double—circuit 
lino having the one-line diagram 
as sketched at the right. Note 
that termination of both lines 
is on the same 3-phase bus "SEND" 
at one end, while on different 
busses <"REC1» and "REC2") 
at the other end. Assumed 
sequence parameters for this 
line are taken to bei 


Mode G 
Mode L 
mode ID 




- V) 


165 


REC1 

•W <bj> ** ^ H. 

m Rec z 


R ohm/mile] 

Ii [ H/mtle] 

Cl^Rl/mile} 

0.58 

0.00340 

. 0.0091 

0.034 

0.00068 

0.0166 

0.035 

0.00110 

0.0116 


Iteta cards for input to the T.P. then might appear as follows! 




rtSE.KWDA REC1.A; > 

“H SENIOR REC.16, , : i 

-3SEM0C RE.CliC; : I ! 

- 436,N O A RE.C H.IAi J | ! 

-^srMo.ft Recjse!,.M. 


-.1. 

.. 1 ... 

1 

H- 

4 

.. 4«.. 

•4 

1 

1 

. • 

... x • 

’• 

** 

“ 

; 

i 

T., 

_ 

:. 

i 

- 

Im. 

. 

X 

L.i 


"iv vi . If 

i 11,1 


.n 


7^4 r *1 





3;* 5 


; J. :1.8J0, 

.35 

1 [ *68 


-.!. il.s.'o;, 

3s5-; 

1 


♦ Oil; 1.6 

...4.1 8 p, 

* 1 i 


! i 1 1 > • 

■" 1 ! ! 

* r r * 

i ' ! J 




•“rljN 

Ch w» 

I , 

wl Ul 

..i.. 

! 

> 

T . 

• 

1 

..j... 

1 

-. 4 — 

4 

r 


' Calculation of Modal impedances Z & ,2j. # * 

« ! * , i 

Of course the assumed structure of the line-constants matrices of Pig, 2 is 
an approximation which makes the problem tractable for easy computer solution? 

,; * t is really the result which one finds from running the Line Constants 
Program for any particular double-circuit line. Yet it does provide a reasonably 
1 for the case of identical circuits supported by different towers, as 
the following example shows. •) • . . * ■ 


Oonaider two 3-phase 500-kV circuits which are separated by 125 feet (distance 
between center lines). With each phase consisting of a 3-conduetor bundle, and 
•wo ground wires per tower, an Ihput data listing as photocopied from the line 
Constants Program appears as foj.lowk,: 


keccrq of. .imto. isw om..... ?. _ _ 

.pHAst-HoieeR a-Twc aestsT(wee..*-T*Pc'. 

-J-1—- arm — ^zm __*_ 

-* 3 /sa. ^ ,427.60,..—4 - 

—.srme..4 . . 

~H-~A-:—az .30 _JiaJ_ Jk_ _ 

-..—.3 . u .3730 .42764- 4. ... 

... — 6 -— . 37S8..fl 7760 — 4 . l _ 


^ - 

•u _: 

H-./ 
11.^ 
-U_; 

•n..„ 

a. 


* am- 

• .3m—**m*. 

....w.; am. .% 

e.rm« .. -4 


,4 ..^V. 

•J . 

.1 . 

.* ...- 

.«- 


... >3230 ..,02764 J...' 4. 

—. , 37ft. -.0 7760 . ; 4 
—. 
... .orso....->07760. ,, 4 
3794 ...,»T7»a .. 4 . 


id.:*—, . o.o»eao :._4." 

.# 58.8* _ 2. * 100 #'.;. ..4. 

>r ^«p»^0w wi » wnnHt ,i. j th ft g - r r 4 «*. 


X Oft GKR 0IAH£T£ft X-CQORO, Y-COQRQ, . 

_o. imott4_j^ao4«a_-rXi.»r«— 5 4-4*8-. 
• 9,08088 1.30240 . . ,»34.. 73,4-40. 

■ 0.94464 {.34200 82,030.'. 31.040 

—U 414. 630 -5.t.'046_ 

-4.04000 1.30204 .125.634, ...79,144 . 

.. 6,60804 r-,30204 . 147,630 . 94,044... 

—4.04444 „i,30244-..«i2,fla4 —StUuflO- 

• 4.00448 >.39204 *>22.430 ..84,040 . 

- 0.30-680 1,34200 4,800 .. 70.304 . 

_4J1408tt ..l ,.30200. 's.RSML -7S,'i40_.. 

.. 3.44000 . ,30200 22.034. 50.008 

.0.38800 ■ 30200 - -24.170 4'j.041 . 

-444«94-V^i>i«4_l83.03«—.90,601..., 
. 4.84040 4,30289 442.478 . 94.04® , 

.4.8*040 4,36240 123,040 /5*.|O0 

. 0,.89900— l,.30268. J04,4?k-. 

9.08000 1,30200 147,490 S0.8O3 

• HI!!!! .1,34280 446.474 94,041 

**•£* —«JL*aaa^ -..j 2 .9410.—joi.sifl 

9.80086 . .,39606 •,>,aR |l| > Hg.. 

' #’a*2S! !?!«!** 

^.0.^08004-,35901.lU.lOt—^OUAW- 


' NAME-'71’"' 


Rr l *lR4^«S2a l _X_0^^ 

ft-ITPe .USPO, X.OR CHft. tGHORCQ_ 

«-!tri»e j,sro M x_oR.CHR rcNORfee...:. 


... . .9«TYPE. USE©,. X -Oft GMft IONOREtl..— ... 
-• .-Snivoe USfen,.X.0ft~6Mft XSWOftEfi—l.. •** 
—J^.rxfia-iis£n^j»-flft- GHR.tc rniwn fl - , 

^—RETYPE-USER, X. OR OHft IGNQREO—— . ' 
■- ft-7YP« USEQ,.X <JR CHR-IONOREO— 

- -ftjIY»E_USEn,..-X_XIfi_SnR_IC«flB£Q^_ '! 

R-TYPE USED, .X OR. GKR IOMOREO. 

^ ft-TY“E,USED, X.0R CHR IGHOREft_ 

-:a-.TYPX^SEJ3,aU0iU£^a-rCH98£Q—U. : 

> e ...ft-TYP.e. <4SE0,..X OR 6K* IGROREU.— -, '>■; 

. . ft “TYPE ©SCO,, t 6ft CHR. IGHOftEf}__ 

-fc«IW.£. USEO,-X-PR GHft tSRO^ Fn ,,. . .. •:. ■ 

. 8*type, used, x. or ,g»r .iendred__ \ 

.UrTY^-CSF-t, X OR GMR .lGNQREn_„ : •>.. 

-A--CfPE..UStD,-JC-0R.j3HfLUG4404tEflLl — ■ 

. ft-TY»E. USEDj X Oft GHR. IGNOREO — ..' 

. . R-7YPE.,U3FO,'.X DR GHft .IGNORED_• 

——e.-nEE.US6D»-JtJ>IL£JlS_IGt4aB£fl—. .- . 








* 
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The resulting impedance matrix (zj for 50 Hz is then found to be: 


»**u'wr*G **»*rr*j irs for siRfM resistivity* i# o.j« ohi-« «nr frecuf*''** Writ 

m>»•••<•*• VUES 9 IU. Re KIHITWM •»#*♦ •»*«• 


90.9 0 H*. flRRRC 'flow r«CTi>o« 


iH*eoii 5 e mitrix (9 HM/H«.e» *n» the svrtf* if gnurv'iUNY phise comduotors 

0095 »H!) rouwos PROCEED IN S*'«E ORDER l« SORTER INPUT 


•«««/; 

!-i 


s., J£W-'S 

-ce 

4»!/ 


t.vi#«*6-y i 
r. S 3 *vt*?~c? 


l*03?46e-QI 
4.95*566-01 

• u*mnummvi 


- -U."f 


RAM k.HMSMR.* 


4 t 


i: 


r.3T4n*-c£ 

j*a**v r -*', 

*.414*i‘?« 52 
7„l*f . 


4 r ,«•*» 


7,5**736-02 
7,<M J7Cf-/)2 

7**i74t3r-oj 

3e&tt9SJ*~QI 


7.66I306-Q2 
_3# 75C 266*0I 


t.03246*-0f 

*•996566*01 


7,546716-02 j 7459*446-32 

3*429l«£-al * 4e9^ftP1?-3l 


7 . 649936-02 

3.2*2156-01 


7.666626-J2 

4*X|7476-0I 


*.9722*6Hf 

7,5*f 1306-r? 
4 *536726-uI 


i .ojzw-ai, 
9*«56f26-0l 


ZZ^*^”** ° f theSe elelnenta ® e «« to fit the Fig. 2 model 
produces the following mean values! - . o < 

% s 1*02782E~01 + j8*96l82E-01 • 

■ * 

Z m * 7.62115B-02 + J4.46363R-01 

Z p * 7.60354E-02 + . 13.27722E-01 

Deviations of the actual value.* Pw«n +u„„ 

by the following statistics: 6 mean va ^ ues then are summarized 


' 




Quantity 


Maximum fractional devlatioi 
from the sample mean, 

max j Z -Z~ | 

Z 


Sample standard deviation 
as fraction of sample mean t |[ 


CEferl&L 



using the formulas of PoJw ^ ed which are next converted to mia 
•0270988 + 1.Q05742 !J* Qne find « ,483311 + 12 77207 ! f? 1 ValueS » 

*«<» -L- . tod ‘0265705 + 1.449819 f,;! 7 ! > 

for m0( j es trQ.ii 


el p w,/ t44 j 

respectively. 


™lld of course 0a Va t0 b _ 

«rt« for o,, iSJ'co^d : vl " s ®°dal ™iu.« for H Ior <*e 

be ~ - p- w! U^oTa. 0 ' tete 






Mathematical theory and implementation details 
for the inclusion of frequency dependence is 
covered in Reference 3, so will not be repeated 
here. This option is an extension of the regular 
distributed-paxamnfcer representation, wherein 
resistance R and inductance L are assumed 
constant. Using,.the frequency-dependence option, 
the variation of these parameters with frequency 
is taken into account at the expense of increased 
storage requirement and running time for every 
line so modelled,. Current usage is typically only 
for the zero-sequence mode of maybe one or two 
crucial lines, due to the computational penalty. 

If a mode (generally only the zero-sequence 
mode) is to have frequency dependence included, 
the following things should be done: 


L»(V) 



ire*. tO 


RCu>) 


Punch a "-1" in coliunns 53-54 of the 
branch card corresponding to the mode 

in question (for zero sequence, this _ - 

is the first card of the coupled group). t7 

Otherwise the card is unchanged.. Parameter 
values punched thereupon c should apply at 
60Hz, or whatever the sinusoidal steady-state initial 
frequency may be. 


Cl? 


PaiffiL-S.* Follow the just-mentioned branch card by data cards giving the 
frequency-dependent characteristics of the mode (as punched out 
by separate program WEIGHT ). These data cards include 3 distinct’ • 
types of data, as follows: ... 

Miscellaneous data card: 

. n . tri , rfe y g a ggggjg gai g gg s i d j 

NT I MSI. MT1MEH LOCMAX LOCMtN 'ZINg.j CUn;.: ; CUT* | 4 tfST! ■ 

--I-8 j-l- : i3jii|;| 18-|:ji~E8^~ :e^ 0 : .;£g,b iig;. 

All parameters except "CUT 1” , "CUT2" .and "LIST" are automatically punched'" 

T“ , , calculation of Section 7.? (if poLSS 

IHffxCH there is given a value of zero or blank). Should the user leave 
columns 41 onward clank, then the following default values will be assigned 
for the finalthree variables: CUT1 « .01 CUT2 = 0.1 LIST » 0 . 


NTIKE1 
. NTIME2 
I0CKAX 


LQCHIIJ 


The number of points defining a-^t) cm-.- (see below). 

The number of points defining a 2 (t) curve (see below). , 

The point numbdr of the pointy which define the ai(t) 
curve a>- which the maximum value (positive peak), occurs. 

nu " 5b ? r °* ^e'' points which define the a ? (t).curve. 
-K, Wiiifyu the tsxtiijmm value, (negative peak) occurs* 








Tiie high (infinite) frequency characteristic impedance t 


where 


liitt \] ~L{Z>j/P 

* _fee AA* 


* 00 


-Tolerance defining the fractional decay of a^Ct) from its peak 

at point NTIi-El after which exponential-tail modelling will 
be used. 

' Tolerance defining the fractional decay of a 2 (t) from its 

negative peak at point NTIME2 after which exponential-tail 
modelling will be used. 

r 

d.taTlrt££ th ! ‘“T 11 ?* «"K>r«oelcn of th. input 

folloi functions which m, 

' I 0 ^ »0 »uoh euppreseloni all cards of the follmrf.,. 
J weighting function, (if any) will ballot^! 

I ' ^ I?? 1 ' Wl P b8 * liotlng only of the final two 

l foUcT *, " Jr ”*#**»* ftuictlono whlcTly 



time t 


2 J Poir.te 


defining a-^t) 


time t 


CUT2.A . 
mm 



Here the + £ ^J'* 

for as manv^Jir* tioe “P 0 int value* in mi 

* ?> • • • 








■J 


V’ ' - 


k ; .. 


r- 


■ As a very crude ( generally within 50 $) estimate of the number of 
weighting -function points required for the zero sequence of a transmission 

line, use the formulas . 

HP « 6/7 At 

• where is the zero sequence travel time of the line. Here we are * 
considering the size of list 14, Section 0.6 . Any lines which do not 

hav« a characteristic of their own, but rather use the reference branch idea 
(fields BUS 3 , BUS4 on the branch card for the zero sequence), do not 
contribute anything to the total requirement for list 14. 

| 

• • A more exact calculation for the size of list 14 requires reference to 
•the weighting functions a^(t) and (t) as shown on the preceding page. Let 

1 ■ / 

* time over ; which a^ £* 0 , but has not yet reached the 

cutoff value of., the exponential tail. 


^2 * time of cutoff of , after which the tail begins for a 

(using-exponential tail modelling). 

Then a more precise approximation to the weighting function storage requirement. 
. HP « ( T x * T 2 ) /£t 
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i s i Recursive Convolution Frequency Dependence 

Modal wave propagation for overhead lines has a.frequency response 
.Visracteristic resembling that of a low-pass, filter in series with a 
Pure time delay • figure A below is typical. Characteristic 



Figure A, Tyjjical gain response for wave t propagation 

nave y, essentially constant abo« «r r«.oa, f“TJ motle * ° lten L 
r »««y double between 10H* and r^onf; / a °t[ c rt'SS'db*). '" V 1 


S*r 






h*tJs 


0.1 2.o fM(hfi) 

ri,ure B - .aarao: 1 * r — «* 




r *"< tnn^s.rL c 2t a LT' ri ‘ u ' •«**?•»« « 


■(s). ^S.. 5 .iSjL:.'‘ ( 


(s-p f ) * « . 

■ l . ) 


(i -p« i 


(/ 6 ) 




♦ 




7 / 


5 

* 


16C-S 

I W M OftM 4R M MM w M 

Cs-P^ 


) 


(/ c) 


7j p t P^ are the zeros and poles of TCs)/ and 

residues of T(s) for impulse and step inputs respectively. 


where . <•£ i 


V 


■i'li 


-ire the 


For the wave-propagation model the feedforward coefficient K ,f 
zero , and T* is approximately the line travel time. The* admittance 
model has ? * 0, and approximates the high-frequency value of 

Following "SEM.LYEN SETUP”‘conventions# each transfer function is re¬ 
presented on cards by partial-fraction expansion C Eq. 1C). 


Is 


V 

O 


It 


1,27a Data Requirements for Recursive Convolution Representation 

The original Recursive Convolution 
modeling code was contributed by Ontario 
Hydro of Toronto, Ontario, Canada. 

Pleas* see Section 0,2, item 2 fOr 
additional information. 


;$£A/DC 


meters 

\ or iR^CUlrSivC 
CoKyoluh'on ' 
Y <,p V i St 1 0 o 


-• five A 
-• fUc 6 
7# ftECC 


Suppose that the u5er wants 
to specify an N«conductor 
distributed-parameter transmission 
circuit which is modeled using 
Recursive Convolution. He should 
first procure the punched-card 
dutDUt of a ”SEMLYEN SETUP" or 

a "HAUER SETUP" run which corresponds to the geometry (including line 
length and ground resistivity) and steady-state frequency of interest. 
A full discussion will be found in Section 7.5 and 7.8 respectively, 
CAS explained In Section 7,6,. the rules will net be. '-given for .Recurs ive 
Convolution Representation using the straight-line segments fitting 
technique, i.e* "AtfETANl SETUP".) such cards will hopefully conform 
to the following rules: 


Rule it There is to. be. a branch, card for each phase (mode) , punched 
according to the following format: 


— <N 

ml"-* uq j vojr«,j oo 

H*gfs|s(£?la 

a dais sf^sasa! 

Vi 

r>l v\ 

Isjs^ tsl si sRIHsfctela «liFi 

«o 1*4 V i 

V* >o» io 

n- c» — 
*o r*. r-. 

sfji ? 

r \o| *4 rU mj 
J r*.j r-i r-4 »**■ 

.fcis 

Vj 

M 

805/ 

&VSZ 

. 

• i 

. 

.... 

! 

. .i 

A/i 

1 ' ■ 

Ni 

■ ! 1 

m 

f * - 

m. 

• 2Si 

. 

■ H , 

ill 

At> 

A £> 

. S/2.JT i-i <■ 


X3 

jra.) 

zl 

IS 

'pin 

JL 

'h 


JTYPE a -1 ---- Type co.de for branch. 


BUS1 

BU52 


Six-character alphanumeric node names. The 
sending and receiving end3 of the branch.under 
consideration are to be connected to these two 
network nodes, respectively, . 


r t>. 


Infinite-freque - cy characteristic admittance CK 
in Eq, lc) 































TJ M> 


I b C* "o 


*« travel time 


Ni l For the K-th mode (Phase), Ni e f(2 * K. 

N2 J 

N3 —— The number c£ expoNeNtial curves used In tfle propa¬ 
gation step response fitting. 

N 4 .... me number of.exponential curves used In the charac* 
teristic admittance fitting, 

N ' 5 Tft,a ^^r coupled conductors (or mcd&slmaJcing 

up this transmission circuit, 

IOUT —- used to control the.availability of branch 

variabels for printing and/or plotting. As usual, 

’ ','3.”"^ unch produces branch current output; 

* -punch produces branch voltage output; 

" 4 'ilnnn^ pr °5 uc '- s b °th branch current & voltage; 
*» punch produces branch power and energy 
consumption C see Section i.8), 

««« 1* to bo Immediately . 
y a Curd wlth steady-state information: 


:iaT 


_ : :: : I ■■■■ I j I *.&£(, ^)\ \ \ FJ?£Q\ 

y:• fEg THj t - 

< . 

Tbis"is 5 lm <! ehr' Sa ir 1 '^ 3 ' ! e , ' C6 icr number Ml. 

Stetdy-atate oh«“ s'm-m*?".* 2f y h FRE0 o£ «»• 

formed to -find E«J in*t*ai be p<?r " 

aeflhitien, t!>««. tarSi f!i.! ondltlons * 3 Y 
«»tal to the l.^reme-'u! ^f d f" C ?, val “ s «« 

l««h) multiplied by the im„«r” S Unlt 

** * 

Total shunt nodal admi^air* 

is i n nhos ?t r mod * number Nl. 

steady-state Bhs.m- -1, ..Ti !:' Uency FRS0 o£ the ' 


: • R(cO)\Z XV^'jdL'Cf* 


E/£. $ 


R l 

CO L j 


60 C j 


F$EQ 


the steedy-atiate f-ecuency 


length. 




the second 


c.nen c o it £ ^ nu t n p ** * 

) • r-i2T?~~T~p r ^~- Z-'i p -— 



Uc -«+ 


Fach of these cards specifies two partial fractions ( See Eq, 
lc). Let the mth pole Pt, be defined as Pm a »<T' ! ti'+ *4)m, 
where both <Tm and CJ iT i are ros^tive, and let the correspond- 
Ing residue Km oe defined as Km = Kr,m + Ki,m, Tmn two 
real poles Pm and Pi/i-m can be specified on one such card 
where 

VOLT(1) * 0.0, VQLT(2) = <Pm, VOLT(3) = - Kr,m . 

VCLTC4) a 0,0, VOLT(5) a <Tln+» , V0LT<6) a - Kr,m 

on the other nand, one whole card is needed fcf eacn of the 
compiex pole Pm j 

} 

'*QLT (1) a 1.0, VOLTC2) a <^m, VOLT ( 3) * - Kr,m 

VOLT(4) a-i.0, VOLT(5) a -0> m , VOLTC6) a Ki,m 


Rule 41 The cards under Rules 1, 2, and 3 are repeated for each branch 
(or phase or mode), in order. 


Rule 


5* 


Following the cards of Rule 4 a-e to come records which define 
the voltage transformation matrix (Ty 3 , where 


VpliuSH * (Ty ) • 

Complex Matrix elements are inputted by rows, in natural order 
(vov m 9 i first, then row #2, etc,) and are in terms of the real 
and imaginary pairs, however; the imaginary part of each 
element.is set to be zero*, within any row, elements are in¬ 
putted ir. order of increasing column number. Each row begins 
with a new card, and there are six or fewer numbers per card. 
The following format is applicable to row «K" for a 3-ohase 
transmission circuit; 


, * * 2 : 

r v£T~ 

**•«».> •» ~|.-n ••• a 

•• «■* . ■— i e.» t\_ I*,, r,| ., 

S TVl, -J 

L* 

4 *s , r • *i <• •* • •» *■, 

- 

* •> //. * 

• *** * ► .si >,r •- • 

vr a - » # ' t h-i m *s f-i ** i’' jl* 

■ f ’ ■ ~T‘ V .*>, ?. 1 • 

• :c. -- f; *«• ,*s 

rfl 4 »• » 1 v • . 1 ♦ 

Tr ) / /< 

* / V* ■ * 

rn> *«*.«* <r . j: - ^ V *| 

■ 7 ^ • A?. J 5 

1_ Ell'S. 

\ \ 

■ £f 2 .g 

! 1 ’ '£ / 2 ~g' j 




Rule 6 ; Following the cards of Rule 5, there is a second such Grouping, , 
oniy for the current transformation matrix CT ), where 

It/ e . * Cl; 3 f < 

The number of elements and their ordering is identical to that 
for the voltage transformation matrix, which has Just been 
described. 


•*! ' 2 r -< <’ W/w . 

»V *V .V. tH, *+ «!•' 1 fv‘ *. 


pDtS TIT, ■. 

TI J, j. ! • 

...TT 1 • "r> ^ 

r TXi.ef ! • 

f- ! £r/2.Si- 

/*• . V 

_ i £/2-$r':'. 

rV** - ? I*-. • 5 

jr~* t — * 6 ! 


Rule 7 1 The column-30 punch cn the branch cards ( see "TOUT" of Rule 1) 
.must always be supplied by the user,if branch outpur variables 
for .a Recursive Convolution line are desired. The punched-card 
output of "jEMLYEN SETUP” OR "HAUER SETUP" will always leave 
column 80 of the branch cards blank(corresponding to no such 
outpur?/ 
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%c~s 


An example of punched output from running "HAUEjR SETUP'** 


C 

r 


1 • 3 r 3 6 


•05215 
.052:5 
.05215 


2 •a.- 1 * .05215- 
3.3s5t> ,05-215 
3.3636 
0.5 
0.5 


i W / i , 

.05215 

2,61 

2.61 


4 

4 

4 

4 

4 

4 

4 

4 


7 " 

i • 

2 ?. 


oO. 

6.0 


1,602 

1.602 

1.602 

1.602 

1.602 

1.602 

0,336 

0.336 

1 

1 


-20,75 
-19.25 
-0.75 
C. 75 
19.25 
20.75 
•12.9 
12.9 


50, 

50. 

77.5 

77.5 
50. 
50, 

93.5 
93,5 


50, 

50, 

77.5 

77.5 
50. 
50, 

96.5 

98.5 


— 1 s & J1 »\ A E ** O A 


136. 

136. 


9 20 
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1.28 Brrnch Cards for Pseudo-Nonlinear Resistance (Type-99 Element) 

The true nonlinear v-i * 

characteristic of Section 1,32 *► 

ho3 liroi.tr*! usage due to the 

rer,uir*i C'".vel tune separating Tlaeh --- . 

such si r?5o.i*c« It if) because \ ^ ^ " 

uuch a true nonlinear rep re- 3 

eentition can not then be used WIl^ 

for iso re than one phase of a 

3 -phase nonlinearity that the / 

element now to be described «(1 

was developed. TVie slcineftt / 

to be described seems to / 

generally be a good approxi- / 

ja.it.ion to the true nonlinear j f 

characteristic, provided the ‘ \ f 

U3r exercises caution in \J,.. „ , ..., ■ ,.—■ ■ —■—-—ip- 

employlng it, 

Fig. 1. Nonlinear v-i characteristic, 
with flaahover. 

Conceptually* the idea is 
very simple, ijince any segment of the piecewise- 
linear v-i curve is a straight line (see Fig. l), ouch a segment 
can be represented in the program by a resistor in parallel With the 
appropriate current source (oee Fig. 2). The only problem is with limits, 
which of course are not observed by the linear representation of Fig. 2, We 
do not have a true (simultaneous) nonlinearity, and must rely on past history 
to tell us on what segment we should operate. In particular, the following 
points applyt 

Upon flaahover, there ia no relevant history; the user must specify 
which segment he thinks it is appropriate to jump in on (see Fig. l)** 

2. The user must use a small enough time step so that one moves up and 
down the nonlinearity slowly, smoothly, 3he program will only change 
segments after having illegally operated outside the range of the current 
segment for one time step, note ($ee Fig. j). . 

_(illegal 

^operation 



Syr 


Segment 

being 

modelled 




Mi 


Fig* 2. Linear approximation 
used in program. 



Sample movement to 
high r segrrient* 















So ss to avoid connectivity difficulties (see Section 1%3-D ), 

the program automatically inserts a very-high-impedance resistive branch 
in parallel with a type-97 element, should no parallel brunch exiet as part 
of the user’s data. This branch should have negligible effect on the answers, 
while sparing the user from the necessity of manually inserting ouch elements 
so as to provide the necessary connectivity. 


The user must exercise care so as to always 
set up a physically-realistic problem. For 
•xample, the series connection of two type-99 
elements is absurd, since mathematically there 
is no way to determine the voltage split between 
the two perfect gape? the problem is not even 
defined. The same holus true of the aeries 
connection of a type-99 element and a flashover 
•witch. Be nice to the program, and the 
program will be nice to you. 



flashover 

switch 


1) Branch type 1. (field mpE , eolumn , 

2) ooiu "“ 3 - i4) - 
5> 

in S -L of that preceding reference branch 

t -1 TloT **“ d ' f1 '' 1 "* *" 

roltage I^e'd s S this f ft f °r Vie branch; until temlnal 

circuit. Such an open mZ Z ? O B a tjrpe - 99 element is an open 

an open circuit is assumed for the steady state aolution also. 

sere occurs (see 1**** 1 cop J u ® tln « when a current 

5DEWY seconds has elapsed sinL t^J«+ p f° vided a interval of 

* conduction as per Point%). it L assmed ^^^tion of 

occur only while operation is on sesme^t ? J^t such a Polarity change will 
if the polarity change occurs while^neL pasaln £ through the origin)? 

». printed L (IS TsT® 

flaahover. jjjjjjftf** *? to *>• Jumped In on upon # 

*U U •utmeatloally converted t'u ^ J/' ^ 

« -column^' 

2-SSe M J r * n0h, “ tT “» 

5-PUnoh Seen StSt V ° 1 J“ 8 * 

<-punch produces toanch^^r'^fj"*.^ b ranch voltage 

power and energy oonaupptlon (a. Section 1.8) 



Hie v-i characteristic is defined point by point on cards which 
imm ediately follow the aforementioned branch card? these points are . 
terminated by a 9999-card (punched in columns 13-16). 

a) Ihe origin of the characteristic (i=»0, v»o) ie an implied point, 
which must hot he inputted explicltely. 

* 1 * I . r 

b) Current and voltage pairs of the break points are punched in fields 
COR and VOLT , columns 1-32, one pair of values per card. 

c) Ihe. order of input of points is as per Pig. 1, where both current 
and voltage values must be strictly monotone increasing. Bius 

' • segnents with negative, zero, or infinite slope are not allowed. 

No problem with rpilling off the end of the curve exists, as the program 
assumes that the final two points define a segment which extends to infinity 


Pii*st Gr.rd Format 


” d -H”! H si g g| a aj gl a £3 a « a alal al a gl al at afel a si a a si s) al s 


Noit name* f R^fencnie-’-bft] 


$£ 


V *• - JUl 


.‘..i . 4 .. 

i i 1 1 ! rt 1 > . 1 1 - i 


G ' 

: AS ' 

£<0*0 

£6.0 

TIG' 


Format for Points of V-I. Characteristic 
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• h’"i -f-'f 
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. 310.00 0 f Q. 
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1C*-1 

tLX ® llow * ***•-» element to flaah over once, he 

: ;•*: -f 1 '- iULH °P^n. Shis is governed by the followlr > 

,-vXai ru***: ar.d restrictions} J ” *oxAOwir. 

a) » 

*«* element in question* 1 cnarocteristio of 



• , .•.. . 4 ; ■ ~ V »Jl 

+ any g^Yr^n data ca;?u f th^ <f SI?(CT,P ftTAcirtt 
*? *•« P’-nohect once, on the cm<i request it; only 

;™ J » 4»«4! S r °L w J lr ?‘ ” uoh *p~w 

; ? •■• 2iua f in rartieu'i.*. « . * a ^xiatar. of 

* 1 ~ ot# CJ, “ 81108 

‘ * Tj * ..ftp *• r> > j. » -f -v_ 

, .wfi *“ * v ‘ 3*4. -* i.0 V* riii*?! Irt.ff .. i 

* ', *' 1 -r ft '* ■' t Cj » v * in A f} + «i 

'• ~ ““*■»> *» 

Of CO luma -1 r, fo 

, f ° r (curr<.ns'Int 1 .4w."S 1:iy 1,f * Mmik . <*Mch 

•,., *«*-* *> open the ««*« *«®. But 

~ ?oa«ibIe f if K ‘ rt ' ** croscsin/y on 

L j *'- AOW which conduction 



1.29 Branch Card for Pseudo-Nonlinear Reactor (Type-98 Element) ' 


The true nonlinear flux-current 
. characteristic of Section 1.33 has 
limited usage due to the required 
travel time which must separate 3uch 
elements; it cannot, for example* be 
. used in 3-chase configurations, which 
are the common cases of interest. 

Because of this restriction, the 
present pseudo- nonlinear reactor has 
been developed —— an element which 
may be placed anywhere. 

The pseudo-nonlinear reactor is 
the inductive analog of the pseudo-nonlinear 
resistance of Section 1.28, using a parallel 
connection of resistor and current source 
for internal representation (see sketch); 
resistance R changes only when operation ' 

.moves from one segment of the characteristic 
to another, while the current source is updateu 
at each time step. The qualification "pseudo’' 
has been appended because operation moves from 
one‘segment to another only after having illegally 
operated outside the range of the present segment 
fox' one time step (Fig. 3, Sect. 1.28). 




Ryles for data innut of typo-98 el on or. t 


l) Branch type is 


. ITYPH; columns . 1**?). . 


2) Specify the terminal nodes by name (fields BUSl and BUS2; coluhins 3-14). 
One node may.be.grounded, if desired (blank field for node name), 

3) It the i- ^ characteristic proper (exclusive of . i . , ahd • <1/ . ) 

. . . . steady u r steady ; 

is identical with a preceding type-9,8 .clement, use the following storage¬ 
saving option:. Punch the node names of the preceding reference branch • 
zn 4ields 3Uo3 .and BU04 (columns 15-26),-.and omit the card a defining 
. the i- y characteristic as mentioned in Point £ below. ‘ 

4-) Fields t otea(J y- and '‘f'stendy .( colurari ® 27-38) define the ' 

constant linear inductance to be used during the. ■~ fit ! 

sinusoidal, phaapr, atoady-atate solution* Y/hile only f \ 

the. .ratio is; actually required (L * S'/ i ), / \ 

is taken to be the limit "bn the linear region stf?a?5y / ] 

of operation; if initial flux exceeds this value, ' / , 

• .the T.P. prints out -a warning message, after the / ' ' 

steady-state solution (sue Sect. 2.2b, .Message 13.).'* . —r- »— 

5) . Output options.for printing and/or plotting use' field • IOUT of- column 80.- .. 
1-punch produces branch current output 

• . 2-punch produces branch voltage Output ■ ■ \ • 

3- punch produces both branch current and branch voltage • ' • 

4- punch.produces branch power and energy consumption (see'Beet. 1*8) 



2::aiaet«rl8tio is defined point by point, on cards which 
foi ow the aforementioned branch card} these points are 
: -y a 9999-card (punched in columns 1>16). 

0ri£ir : of the characteristic (i»0, ^*0) is an implied point. 
t.j mast not be inputted explicitely. P * 

°V™ break points are punched in fields 
^ (columns 1-32), one pair of values per card. 

J '4^°5 u ient lV?i intS ^ M Pjr nu,nberin S on the sketch, . 
r:.vreru-Inr. * ’' alUeS mU8t - be ^^ictly monotone 

» 

the first coint of the characteristic will equal 
st easy * ^gt eai }y7, in order to provide continuity between- 

^ ^ .uoh 




516.0 


FLUX 





-rrtA :6tTA I 

■ . . . 21.3 
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Caution concerning possible discontinuity at time zero 




2- Die user should always keep In mind that 

W the sinusoidal steady-state phasor solution 
involves th linear magnetising inductance 
given by L. • *.t 

at the first time step, the EMTP shifts 
to using the user-defined nonlinear 
characteristic, at present always starting 
out on the first segment. If the initial- 
condition point does not lie on the 
• characteristic, there will be a discontinuity 
wM' ! h may produce a spurious transient 
j.iittii.iditttely after time zero. Flux is always 
continuous, so the adjustment ia accomplished 
by a horizontal jump having current diGcon- 
■ tinuity Ai , as per the sketch. If only 
■ one segment change is required as shown, this 
occurs in one time step. Hence a connected 
inductor of value Ig might well experience 
a corresponding voltage change of aomething 
on the order of . Ig Ai/At , which may 

be substantial for small time steps (many 
” , per unit, in extreme cases). Present HUTP 
logic only allows one segment change per 
time step, so if the ultimate operating 1 
point really is on the K-th segment* KM 
time steps would be required to effect the 
m total adjustment process, during which time 
s spurious transient of unpredictable shape 
might be observed. 

1 • • i • » 





For balanced 3-phase initial conditions, the user- can always shift his time 
reference (rotate the phase angles of all sinusoidal sources by some fixed phase 
angle; so that none of the three initial fluxes (or alternatively, currents) 
exe eds \Ty 2 * .866 times its peak value. In terns of figures which can 
b read from the phaeor steady-state Solution printout of branch flows* this 
corresponds to shifting the time origin so that current In one of the three 
components (for the 3-phase representation) is exactly zero at time 'zero. 


( \ i , • , 

' intelligent user will learn to always check the initial flux to type-98 
pseudo-nonlinear inductors, and be wry of the aforementioned possible 
discontinuity. The initial flux to all data-case nonlinear or pseudo-nonlinear 
coils is printed out after the complete steady-state solution* and before the 
time—s t p—loop column headings* with a sample being j 

INITIAL £lOX IN 00IL *J0HNDA* JO '1NTA * • J £13.5 ^ 

, Assuming, that the user baa picked ± sU%iy and. % te&iy equal to coordinates of 

*•*?. f i^dt point of the characteristic, then the aforementioned discontinuity trouble 
will be signaled by the following, additional message * 

WARNING. ASSUMPTION THAT AC STEADY STATE HAS FUN&AII&iTAl. FREQUENCY ONLY IS 
f, . , QUESTIONABLE WITH PRECEDING FLUX OUTSIDE LINEAR REGION. ^ " 

Whenever che user sees such a m esage, he should be careful, and should study ' ^ . ‘ 
woat tne ffect on the network solution will be; if possible, it is of courts 
desirable to make legitimate alterations which cause all such messages to disappear. 






Ihe continuous time-varying 
. -..’tfistor H(t) of Section 
1*31 has limited usage, due to 
the required travel ti&e which 
must separate such elemental it 
cannot, for example, he used in 
3-phase configurations, whiclh 
aie the common oases of interest* 
Because of this restriction, the 
present staircase time-varying 
resistance element has been , ,... 

developed-an element which 

may be placed anywhere, in any 
numbers. 


1 -*v-^ 


'■'■'ft.-if 


As tui velum 
tmttiwa 
, to tr*«e 


k input 

U_. 

1 1 


1 

C : 11 

97 

ti*» i 

*4 V 

»4 J 

t# 

1 field 

2 . 

Time 

element 

h»* 

been 


to network > 

■if* 



Rules for tv&e-y7 i 
l) Branch type is 


terminal nodes 

of the branch by name (fields BDS1 ' * 

and BUS2 .columns 3.14). One node may be grounded * 
ii desired (indicated by blank field for node name in question). 

^ i 1 !r *V* ch * racteriatic proper (exclusive of VPLASH and TDELAY ) 
ator^Mtofepton^ ^ e ' 97 « W ‘. «»« *»« following 

e ■ v V characteristic as mentioned in Point 6 below. 

4) 2Su , sfttTssri. zr* ac *•*«- *. 

« ftod toeSe£" £ it Tursr?-. *'* of eittor 

itolonee flashove/roltM. i. D m»?I I> j n t! nt 1 . u|>on j* h ’ oppeeranee or a 
columns 27-38. 8 * ^ * <3o, f for appropriately punching 


VPLASH - 


0 no flashover delay 


t with V f > 0 , the element is not connected 
until the branch terminal voltage v 
satisfies Jv| >V f » K 


Node; names] Refcr-ence. fee] jx 


60S1 


2 | PA 



B0S3 













m 


; ■'■■■ C s*r The first-step resistance value R? 


is 


are 


impLAY —— I -1 *7 we ursi.-9 ~ + > 0 

assumed to ‘->e present for all tl® 
as part of the sinusoidal phasor solution. 
Element time t and simulation time t 
identical? field VFLASH is disabled. 

Ho such special fixed time delay 
be delay due to positive VFUSH r^ough,. 
Element is not connected for steady-atat® 
phasor solution. 

With T, > 0 , the element will never be 

connected until the simulation time t 
reaches this delay value. Positive VFLASH 
may provide added delay beyond 
until such time as the branch voltage then 
exceeds the flashover value. 

5) ' Output options for printing and/or plotting use field IOOT of column 60, 
as follows: * ' 

1 -punch produces branoh-current output? 

• ; 2-punch produces branch-voltage output? . 

3- punch produces ^^^^^erS-eonsumotion outputs 

4- punch produces branch-power and energy Sectibn 


• -’*• 1*,. 



S' * 


6) 


characteristic id defined point by pointy 
on carte «hlch tomrtiately tollo. tt>. f 
card? these points are terminated by a — 

(punched in columns 15-16). 

(jVio beginning of the characteristic, at time 
a ' -* is the first point to be inputted. 


t- * 0 


b> 


%1 i 



time 

HE SIS 

E16.0 . 

Elfe.O 


c) 


Time and resistance pairs defining 
each step of the staircase 
characteristic are punched in 
fielda WJCB and RBSIS 
(columns ?-52) ♦ one pair of 
values per card. 

if in MKS system). ■ ! 


. 5 . 


d) 3he last point is followed by the 


9999-card 






- - - . —- ’ 




1M 

1,31 • 

T>m paeurto-nonlin.ar hy.tofittic Inductor L y.ry .tmil.r to 
; • smudo-noRllMar inductor do.crlb.d in Motion i..«, Th , 
™«Jor diff.r.nc. i. that .U«, th. hy.tor.tlo b.hn- 

V '° r 04 th ® OTC * * at * rUl t0 *» repr.Mnt.d, Th. «l*n«nt la 
■»pr.a.nt.d internally by , r.atator in p,r,U.l with ‘a outr.nt 
source (sup sketch). 

Th« resistance R la 
changed only when 
operation moveo from 
one segment to another, 
whureaa the value of; the 
current source is up¬ 
dated at each time 
step. Tin* qualities- 
1 •'*''» "pseudo** Imu been 
I t»<*cause opera¬ 
tion f rom one 

segment u.» f**in*r 



only after twvin*} UlegaUy operated outside the. range of th# 
present segment for one time step (Pig. 3, aect. i.28). 

o f yypu-J fi Element 

1) Rranch type in @ (Held columns 1-2). . 

i) 'sp.cify th. terminal nodes by name (fl.lda BU S1 and 8US2,' 

columns 3*1.), One node may be grounded. If Heel red (blanK 
field for node name). 


4b 



ee-k; 



3) . If the characteristic proper (exclusive of ^gteady' ^steady f 

and .) is identical with one of the p: ©ceding type-96 
elements f use the following storage saving option* Punch.th , 
node naivies of the preceding reference branch in fields B0B3 ^ 
. and B054 (columns 15-26) and omit the cards defining the i""’*' 
characteristic as mentioned in x*oiM' 6 below, 

i) i ateady «a + at:M< j y (•»!««« »-»> >«•«»* «*• '«"•*** 

linear inductance to be used’ during the sinusoidal, phsHOT , 




• steady-state »olu- . if'.-.-.---.../ v , ■ .. 

tion. While only. | •' — ^f^s' 31 ****** 

! ^aiSJeAy^- If'' 

, the ratio is aotu- A ( ^ • 

. ally requited * • j. / /}/ 

' '^steady/*steady J 1 —J-— ~.f~ —jf—' 

; 'Steady it. taken “ • /■ j f J‘^y ■*■ 

- be the limit on the j j j v 

linear region of •• < » . 

Operation j if initial , 

flux exceeds this t • ‘ • • •» ’<•*' 

value, the emtp prints out a yarniho message aft*?E ths steady* 
state solution (sea Sect. 2»?b, message 15),* in addition* the 

**»* (i.teady- W ^ H* wlthtn tt * «*" 

’. loop, it it does not, the SMTP will halt this run, provtdlhd 
■ . an error message indicating this mistakes - ..... 





9j/p. Th * " S * r al ®° haS th ° option o£ allowing the EMtp to calculate 
'/..'./steady an< ^ ^steapy H a ®l£. This option is chosen by specifying / 
‘steady * 8888 - leaving * steady blank. The EMTP chooses the 
steady-state point as .follows, . first , the trajectory from the ,/ 

■/.'origin to the posi- ■’ " . • • ' rj. ■■■%’: 

• '• .* • ' 1 ' ' ' • . w ' J i, a 

tive saturation point • V ' V ) /• V U ‘V 

!;/is created, then the 4 * ,/ „, m ---— 

• .*»***; >>— 

point on that tragec- ' .. ' ‘ : /’/ ' 

. tory where the flux I ■/\ l 

; •/. is ; equal to 70% of the ‘ . j jf . ’ ’ = . 

' . saturation flux is ' . 7 7 • T J. 7 • •• V 

chosen as the steady- / / I 

state point (see sketch). •’ V J / y M 

■5) i.Field i i , J . QS (columns ’* -r ' / 

\, 39-44) specifies . .... 

■ ‘ .... the value of residual or remnant'flux in thc core. This will .V 
be used as. the initial value of flux (*(0)) in the coil pro- 
../ ■ vided a non-Sero flux value ie not calculated for tinie-aero ■ 

by a sinusoidal,.phasor, steady-state solution. ' ■ 

, * * ' - . i • 

Therefore, if this type-96 element is'hot connected during a . 
steady-state solution, the value of flux in the cbil at time zero. /, 
will be taken as the value specified in the field * res . if this. . 
■type-96 element is connected during a steady-state solution and / 
only.if the value of flux-at time kero determined by the phasor . .... 

,-olution is zero, the value of flux specified in the field tjj 

i - IT £ 3 ■ 

use as the. initial flux at time zero. (Note that if s. q 



• ! i 


W- 


' fa* 


\{\ 

l 


the initial flux at time xero will be identical to that calculated 
by the phasor solution). Otherwise the initial flux in this 
type-96 element will be taken as the value calculated from the 
steady-state solution* 

The value of <J> „ which is specified must lie within the major 

* irtss 

loop, otherwise the EMTP will print an error message indicating 
the mistake and halt the present job being run. 

6) Output options for printing and/or plotting use field IOOT of 

. column 80. ■ 

1.«» punch produces branch current output t 

. 2 - punch produces branch voltage output * ; 

j‘". punch produces both branch current and branch voltage • 

4 - punch produces branch power and energy consumption (se 

•• : sect. 1.8) . 

V t , , ■’ , * ‘ . ' i t . 

7) The i-4> characteristic is defined point by point, on cards. 




' U V 


4 , 




» 

these points are 

•i •, ‘ 

terminated 1 by a 
. 99 o 9 - card (punched 
in columns 13-16)» 

. a) The bottom half 
of the loop 
must be defined 
- the top half 
is then deter- 
.v ’ mined by symmetry. 





b) Current and flux pairs of the break points are punched in 
fields CUR and FLUX (columns 1-32), one pair of valuer; 
p«r card. 

c) The order of input qf the break points must be as follows: 
tne first poijit specified must be the first point follow- 

e- 

ing the negative saturation point, the points are then 
specified m order, up to and including the first point 
arter the positive saturation point. The next to last 
poi..u specified must always be the positive saturation 
point. The negative saturation point is defined from the 
positive saturation point by symmetry in EMTP. 


AU points must be strictly roontonieally increasing 
in both flux and current. 1 



t. 

Sample data listing 














Dummy 


1.0 COS 



Important Information concerning Type-96 Usage 
Whenever a type-96 element is being used in a run, there must 
be at least one source connected in the steady-state. The sub¬ 
network containing the type-96 
element may or may not be connected 
in steady state but there must be 
at least one subnetwork which is 
connected in steady state. Such a 
subnetwork can easily be created as 

shown in the. sketch, where the voltage source at node DUMMY is 
♦ f 

connected during steady-state. Failure to observe this restric¬ 
tion will result in the run being terminated, with an appropriate 
error message. 

. The user should exercise care when he is specifying values of 
^steady anc3 ^steady * wh * ch are used to d e f* ne the linear magnetiz¬ 
ing inductance (L * 

^steady^steady^ that 
represents the type-96 

element during a phasor 
solution. The only 
restriction on this 
"point is that it lies 
within the major loop. 

As the sketch at right 
indicates, there are 

many points that lie within the major loop but yield poor, linear 
representations of the loop. A handy rule of thumb might be to only 





pick points in the first quadrant and never pick a point which 
•yields, an inductance smaller than the inductance obtained by 
using the positive saturation point as the stead-stat^point. 
The user should also keep in mind that at time z$to, the 


type-96 will switch from being represented as a linear inductance 


to being represented by 
the non-linear, multi¬ 
valued hysteresis charac¬ 
teristic {which is then 
internally represented 
linearly at each time 
step). Herein lies a 
potential problem, if 
the initial point lies 
within the major loop 



there is no problem, 
operation simply begins 
at that point and pro¬ 
ceeds from there as 
determined by the system. 
However if the initial 
point as determined by 
a phasor solution lies 
outside of the major 
loop, the problem arises 
because operation outside 



0i tile ma 3° r hysteresis loop cannot occur in a real core. It 




14>s 


f ./ j - 




happens her* only because of the linear r presentation used in 
the steady-state solution. The EMTP therefore will wove the ini¬ 
tial point within the major loop (rather than terminating the run 
at this point, which is the only other option available). The 
scheme for moving the initial point into the major loop is as 
followst draw a line of constant current through the initial 
point, determine the two points where it intersects the 1 top and 
bottom half of the major loop (these will be the same points if 

i(o) >, positive saturation ot i ^negative saturation^ and 

^<3.take the average of these two points as the new initial point. 

Whenever this happens the following message is printed: 
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ftONLINEAR ELEHEHT HUMES 1+ I# A TYPE-RA HYSTERET1C INDUCTOR UHICH IS (fONNECTED • ; • 

8CTUEEM mm * A4 * AN0 * * ♦ THE INITIAL FLt>5{-CURRENT FOIAS FOUND BT THE 

phasor shark-state SOLUTION has SEEN oiserver to lie outside THE MMFlKt “g- 1 '{J:- 

THE INITIAL FLUX IS AND THE ‘INITIAL CUBKENI IS . . THE EftTP SHALL NtJU ALTER THIS 

JUST-MINTED FLUX SO AS TO HAKE IT LEBAL, HHILC HOLDIHO THE CURRENT CONSTANTv THE LIKE OF W^TAHT CURRENT 
INTERSECTS THE USER-SUPPLIES HAJOR HYSTERESIS LOOP AT TUO POINTS 4P0SSUIK EQUAL, IF THE CURRENT IS LARGE . . 
tNOUOHi; THE 'UPPER' IS CUT AT FLUX BALUE £ »4. S , ANO THE 'LOWER' AT FLUX VALUE £14.-51. • 

. THE INITIAL FlUN SHALL IE TAKEN RY THE EHTP TO RE THE AVERAOE OF THESE, UHICH HAS FLUX VALUE BL -IS. ST * 

I . * ‘ . • * 

r 

.. It is the user's responsibility to determine i'f the change 
made is acceptable or not. It should be realized that transients 
due to sudden changes in flux (like those being made here) may die 
out very slowly. It is strongly suggested that the user make 
legitimate alterations which cause all such messages to disappear. 

One potential cause for this type of problem could be a poor 
Choice of i st6 ady and ^steady * s di »custed above, Consider the 
example in which a relatively low value, of inductance (by means 
of point 1) was chosen to represent the loop during the phasor 
Solution, Notice the required change in flux as discussed above. 

If point 2 is used as the steady-state point rather than point 1, 
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it ia quite likely that 
no such problem with ini¬ 
tial point outside? of 
the major loop will 
occur. Any time the 
EMTP creates a new ini¬ 
tial point whose flux 
coordinate is larger 
(in absolute value) than 
the intial point origi- 

r 

nrtUy calculated from the phasor solution, one should ch.ek for 
the situation discussed in thin .example. ' . 

« should also be noted thatj for balanced 3-pha.e initial 
conditions, the user can always shift hi. time reference (rotate 
the Phase angles of ail sinusoidal source, by some fixed phase 
anile) so that none of the three initial fluxeajxoeeds -JI /2 . . Bc 
“ its peak value. In terms of fibres which ca „ be r#ad ^ 

8 Ph8SOC St ° ady - St “ e prlntou t of branch flows, this 

rr“ t0 ““ “"*?**" « current in one of 

the three components ffor m* . 

»ro at time sero. " *• —tly 

Points outside^f ” th °“ ' d ° n<>t ' Umlnatft Ptoblema of initial 
e ° the major hysteresis loop the 

the changes made bv mUat decide 

J ,naat * oy EMTP are of «m.n _ 

accepted or not. •* * m ‘^ nltud « to be 

the intelligant user will i aorn co ■ 

£1 “* 1" each typ.. w t ch “ k «" ‘"“ial 

lh addition to checkin, for the 


'* ■ ’ ’• S'£i 

: > happens here only because of the linear representation need in 

* • 

the steady-state solution. The SMTP therefore will nose the ini- 
> till point within the major loop (rather than terminating the run : • 
at this point, which is the only other option available). The 

. , ' ’ * i 8> ' 

scheme for moving the initial point into the major loop is as 

I-*',* ’ <• 

follows? draw a lins of constant current through the initial 

•r.* ' . ’ 

f #V :, V ; point, determine the two points where it intersects the* top and 

le j.' ' 1 * , . : \ 

bottom half of the major loop (these will be the same points if 

~ ^positive saturation or *^negative saturation* and 
a ,:; take the average of these two points as the new initial point. • : i 

Whenever this happens the following message is printed: 

■ t ■ 

HU ' nonlinean iitntnt Mumci x+ is a ttft-ta mtstemtic imcm sues it tmtem 

ietnccm mm ' ** * am ' a* '. m initial flux-cumeni mint as m#»» « tie 

mm SWASV-STATI SOLUTION NAS KlN IIUIWI TO lie SUTSIfC THE «SI«-tEFlNt» NAJOA NWtmlJ LWt WttCWf*. 
INK INITIAL FLUX II K.I+.4- AM fNC INITIAL ClIANWf It t !♦«<■*■ . TNC ENTF SHALL MU ALIt* Till# 

JUSV*FftlMttt fLUX SO AS TO NAItf II LESAL, MULE SOLUM ?*t CUMINT CONSTANT. TNC LINE OF CONSTANT COMCNT 
IMfCttCCfS TUT UIIA-SUFfLllS NAJOO MVSTiWlII LOST AT !M MINI! IFOSIIOIT TONAL, IF t«t CWSENt IS l AN SC _ 
EMMWNI. 1« '»«!' It CN1 AT FLM NALK ft »4*. S , AM INC ‘IUO' AT FINN VALUE ft •• 

INC INITIAL FLUX SMALL SC TAKEN IT TNI CNTF TO •€ TNT AVCXA8C OF tNCSE, MICN HAO FLUX VALUE ft f|\ 4* * 

. . . • •. . ' • 

* *•...• 

' It is the user's responsibility to determine if the change 

' made is acceptable or net. it should be realised that transients 
due to sudden changes lit flux (like those being made here) may die 
out very alowly. It ia strongly suggested that the user make 
;. legitimate alterations which cause all such messages to disappear 

f * - . ; 

One potential cause for this type of problem could be a poor 
choice of i 8 tt*dy and ^steady * s discuaaed above. Consider the 
;■ example in which a relatively low va|.ue of inductance (by means 
f. of point 1) was chosen to represent the loop during the phasor 

solution. Notice the required change‘in flux as discussed above. . ; 

If point 2 is used as the steady-state point rather than point 1, 




‘\ S 


Ifet 


it is quit likely that 
no such problem with ini* 
fcial point putside of 
the major loop will 
occur. Any time the 
EMTP creates a new ini¬ 
tial point whose flux 
coordinate is larger 
(in absolute value) than 
•the .initial point origi¬ 



nally calculated from the phaaor solution, one should check for 
the situation discussed in this example. * 


It should also be noted that for balanced 3-phase initial 

"i * 

conditions, the user can always.shift h£s time reference (rotate 
the phase angles of all sinusoidal sources by some fixed phase 
angle) so that hone of the three initial fluS^.xceeds tf/2 - .866 
times its peak value, in terms of figures which can be read from 
the phaaor steady-state solution printout"of branch flows, this 
corresponds to shifting the time origin so that current in one of 
the three components (for the 3-phase representation) is exactly 
sero at time aero. 

, * iV\. ! 


If steps such as these do not eliminate problems of initial 
J^* 1 *** major hysteresis loop, the UBer must decide 

£f the changes made by KMTP are of smell enough magnitude to be 

accepted or not. ‘ ‘ ’ :w nl 

Yhe intelligent ueer will learn to always check *the initial 
tip# ih •*ch type-96 elemei.t in addition to checking for the 




- • 


It a 

message discussed above. The initial flux in all nonlin ac or 
psqedo-nonlinear coils, is printed out after the complete steady- 
^tate solution, and before the time-step-loop column headings, 
giith a sample being: / 

INITIAL FLUX ip COIL 'NODEVA' TO 'NODEVB' » E13.5 

. e 

By ch eking this, the user will be able to verify that he/she is 
correctly starting at a specified value of residual flux as 
desired. One*will also be able to determine if the execution 
inadvertenly begins at the user specified value of residual flux 
when, in fact, the user wants the initial flux to be calculated 
from/a steady-state phasor solution. 

It is anticipated that the user may have some difficulty 
obtaining the hysteresis characteristics required by the type-96 

# t 

element. See Section 7.2a for EMTP's attempt at alleviating this 
difficulty. j 

i -i . . 

I . . 

If i 

r 1 * 

) 1 . ;* 

* .f 
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1 ' 3 ^ MMLfIPHASE ?»0 SURGE ARRESTER MODEL 

nonlinear m ?epJesentStion e of l an arbitg?? nwbir^f f !* ° PP ° Sed t0 p5eudai 
Theory has been documented in Ref 22 vSl ? So 2 5°/J Urg J a : re3ters * 
Meyer) and Mo. 3 (Dr. Vladimir Bra J iu N °* 2 5 Dr * W * Scott 
based, and Wewton’s method is used far^?**r«t-r he ?° d fJ is compensatlon- 
at each time step. while it 3 L, k L °" t0 the exact solution 
found (in which case anEMTP error £!«!£. th ?,\ no SOlu ? ion *11 so be 
runs to completion, the answer ^s corrf!? W » U r ! s ? U) ’ lf fc He °ase 
pseudo-nonlinear elements like the Tv«» fe oo Uncertainty associated with 
removed. 3 like the Type-99 resistor thus has been 






r* 

\ 


The basic, constraint equation is 
resistive, and highly nonlinear.* 


Nonlinearity for* <^«3 q 


( v / Vref ) ##q 


( 1 ) 


■? * .*< 


Typically one picks the reference 
voltage Vref to be rated voltage or 
something close to it. in theory* th* 
choice is arbitrary (it is an ex^i th9 

fouati^n a ThlS the " the 

equation, and prevents numerical 

overflow. Then constants "p" and '*o« 

are unique characteristics o’f the > 

htlt C u' n Typlcal 1980 ZnO designs j 
have ”q" near thirty. j 

is an additional 

? iU iL whlch allows for gaps, | 
and also different constants for 

different current ranges of the •' 

two r spfJ n ‘r A3 ° f May 19fl0 » «*®ctiy 
two sets of constants for each of 

^nK C ^ raC J efistics are avowed for 

the rflh? T T ? is is 3h0M « at 

%£i gh i’ wh ? r * different segments • 

oL t ?L Cha u aCteristlcs are numbered 
one through four. We have: 

? I h??H current, after flashover* 

' ? ; fi? h cur »* en t f after flashover 

V' I l J?" « urr ««t, before flashover: 

This * «f U K r * 4 ^' before flashover. 

rHi*,/?*e numbering will be used 
ror data input. 

t ^ infl l deviation from the 

illtltiZl * 0 ?*?* 1 * 1 wodel concerns 

operation at low voltage. Due to 

0haracte?T?f? O,IIlnea, " ity of Zn0 
•tFlZZm* 1 "* very littu current 
aubirfn?^?? voltages that are 

V?ef'(I i aUy ft b Jl2 w ^ted voltage 

as t« C J«5r*J 30 * 9.6-10). So 

th * Possibility of 

pn<,erf l™* and.also 
o speed the solution, linear 


• - 1 

i./p 

•0012 

,(H?4 

1.0 

17.15 

I^W: 

0.8 

;o.r 

1.0 

1.1 


237.4 

UZO 

31201 

n.a 

1.3 

1.4 


<0 

<rt> 

/» 

§ 



/ 


*3 


$<cyw«rtt1 


**§•<•*■ 

■«+ » wte “ r 



10-1 


4 


- . -t-r-*-=-« 

io 1 ioi 10 * 

I ocj of current 
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m 

in 


representation is actually used for low voltages (see sketch). Out 
,rfs . I* sort of hidden, arid need not concern the user. In physical 

•. terms, the solution la unaffected by this usage (no ammeter could 
detect the di f f*»renoe). 

.; flats cards for this component con be generated automaticol 1 y by 

' the support routine "ARRDAT" (mn*monJc.iUy, "arrester data") » This 
is described In Section 7.?h, nnd is reached by key word "SATURATION" 
fo 11owe*! by key value FI1RG * ?7 . Least mean square fitting Is used, 

* 

the use of multiphase compensation has some l Imitations which 
Should be clearly understood. The most common application is for n 
3-phase oonneotio> of arresters, using 3-phase compensation. The EMTP 
will normlly be dimensioned to handle tills (see. List ; ji l , flection 
0.6). Such arresters-arc assoc Int-ed with a subnetwork which Is then 
Isolated (<11 suonnec ted mat hematl cal ly) from other such subnetworks by 
distributed-parameter transmission lines. Mo other compensation-based 
components can belong to the same subnetwork as the 7.n0 arrestors. 

V: Thun, n subnetwork which uses the universal machine (U.M.j also 

compensat ton-based) can not. Involve the pres*>pt 7n0 arrester modeling, 
pnd v ' on- vet* nn , fri some eases a six-phase grouping of arresters can 
profitably be used, when both the high and l he low aides of a 3-phase 
tr oris form or bank are protected, and one does nut. want to’worry about 
introducing stub lines to isolate (.he two sides (-'vs described la flection 
1.3), J)ut the user should approach such larger groupings with caution, 
since the convergence of Nekton’s method may bo adverse)y affected. 


vtyz 

»n Jv then 
motor 


A 




Subnetwork 

D 


t 3 

Subnet work 

, , .j—» 

tihe 

• B /r£§f 


k—„-_ l i /nO] 


-■if 

a ^ 

3 ^ o„ 

7 usage 

j Subnetwork W 

l ° Jr 


s~i> 

ti\0 

usage- 


Tj^e-SO 




Finally, thorn is some application of the present model to silicon 
oorbicle <SiO arrestors, though serious (perhaps unacceptable) . 
approximations must bo made. No dynamics of the gap can bn P rovl *™' 
unlike the sophisticated single-phase model of .action t.li , 'i^ult 

the 'possibilities of such usage sJail not be here. Consiul 

Vladimir* s discussion in VoU 1, No. 3 of the Newsletter for fjrtb 
details In essence, onp is representing thd block very ao^urn.oiy 
(Hwo exponential segments appopr to provide a very adequate fit >* and 
ignoring totally the dynamics of the gap (after fl«*hoycr). J ut i 
olh noi get data for the .Typft-W representation of oootion I.Tf* maybe 
this is the obit iie eon do for thd time being. • . 
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A. Date Formats for ZnO Surge Arrester Representation > 

Development of ZnO surge arrester modeling in the EMTP is not yet 
in its final production state, and data requirements are still a little, 

.^mbyrsome. Indeed, data cards associated with any one ZnO arrester 
are: split, appearing at two different points in the input data stream, * 
Aiortr with EMTP branch cards must be the appearance of a Type-92 
?lc;. >nt which bears a special ZnO flag. This is the first half of the 1 
split data. The second is to come immediately before the request for 

ftorlow 8 ?? oucpu J s * where th « Znn characteristic is actually defined / 1 
Details follow, and Section B shows an example. 

1 • EMTP branch cards for ZnO ar resters f 

mt 

Here we are using ' 

a special modification 
of the 7ype-92 ..on- 

linear element format, 
as illustrated at the • 
right. Data fields 
"BUST” and "BUS2" 
are for the arrester 
terminal node names, as usual. 

specie? till 2 ,. 55 - td be punohed with the 
ZnO uti* 8 tl 5555 • as a marker for 
reouesta * The Column " 00 branch output 

Jsr&ar rbT 

card must be fol’nuoa £.„ j Zn0 branc h 
oherpeteristte f?h! Jk y a dunM y 
the ; right sufrice). ree d? , r<ls 3h0, "> at 

2 ' ^° arda f °r 2 nO characteristic (the r|ai one) 

the , Seetion°? r<i jaj dh sp ‘‘ clfi « node 

si !* 'J , 

of the Zr *0 spec i f i ca t i rm« G1 *■Icati on for.each L 

the «»etated T^e!«" U h^ 0 T“ po " d ekac?ly U ? b ?he°li b ^ ‘ ° rderin 8 P 
characterihtic data, ^ 6 

a > »P°nehtial, ... ■ . . ^“1 ' 

If the user is «?«*♦■<( & . 

[:' z.NO£xp; 


Effe.ol: 

I 4 i» 



: j j.o 


; i ; !■ 

at 


! !■;;»!- W 

liii r ! :m 

• i i-l -ril.l 






f 


segment: 

Ei^-or 

^NOCON 




. 'Elfc-b; ,| 

E8.0 


E 3 SBI 








IPHASE 

(1-8) 


ZHOCON -- 

(9-24) 

1 ' ZNOFXP 

( 25 - 40 ) 

ZNVMtN 
l-.. (41-56) 


VOLOLD 

(57-72) 
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The negative of the phase number (1, 2, etc.) of the 
multi-phase compensation which is to be used for this 
element. Thus all uncoupled elements are to have a 
"-1” punch, corresponding to phase "a” . For a 
three-phase configuration, the first element is to 
have value ’’-I” , the second one M -2" , and the 
third ”~3” . Etc. for other cases. Do not 
forget the minus sign, which is a special flag 
indicating a single exponential without any gap. 



Coefficient "p" of the ZnO constraint equation 
i a p « (v/Vref) **q . 


Exponent M q" of the ZnO constraint equation 
l s p # (v/Vref)**q . 


Minimum voltage for usage of the just-stated 
characteristic, in per unit (as a fraction of variable 
"ZNVREF" which is described immediately below). 

Below this voltage level, a linear resistance is used. 


Arrester voltage from t.ie previous time stejp. Leave 
blank (zero) in almost all cases. The Newton iteration 
will then start with zero current (arrtester open). 


ZNVREF - Reference voltage n Vref” of the ZnO constraint 

(73-80) equation i a p * (v/Vref)**q . Tf the same as for 

the preceding arrester, zero or blank can be punched 


b) multi-exponential, gapped case 

On the other hand, if one or more arresters requires a gap, or if 
it requires more than one exponential for accurate representation, then 
a number of data cards are required to describe the characteristic. 
However the user does not typically punch these himself. Instead, he . 
executes the supporting routine "ARRDAT" of Section 7.2b, and then 
saves the punched-card output (from I/O channel- LUNIT7 ) for this 


• v ' ■; ■. .use. 

As a summary of the data 
^requirements, the following is 
;; ' provided . Specification of 

lv v ,; X'.the characteristic begins w* th 
data cards .for the curve after 
flashover (see sketch at right). ! 
There are "N M such segments 
u (an indeterminate number), ended 
■ ’ i; by a "9999 n card just as 'most 

v/--' EMTP characteristics are. Then 
come data cards for the curve 
j~i before flashover. It is assumed 

that there are M M** such 
• segments (an, indeterminate 
f ' " number) , ended by a "9999 M 
i'"■ bard, All such segment cards . 

,,-V begin with the same three data 
fields as shown in the fornjat 
at the right. The meaning Of 
\ these variables is: 



log of 










i7a 


IPHASE 

( 1 - 8 ) 


Phase number (l, 2, etc.) of the multi-phase 
compensation which is to be used for this element. 
All uncoupled element* are to use unity, which';, 
corresponds to Phase "a" . For a 3-phasc 
conflagration, the first element is to nave value 
unity, the second value two, and the third value 




three, 


Etc, for other cases, 


COEF 

(9-24) 

EXPON 
<25-40) 


The coefficient "p" 
X * p * (v/Vref)**q 


The 
i a 


exponent "q H 
P * (v/Vref ) **q 


ot the Zno constraint; equation^ 
for the segment. 

of the znc constraint equation 
for the segment* 


The ordering of these different segment cards must correspond to the 
preceding sketcht for each of th» two curves, they begin at low 
current, and end at the highest current. As mentioned oefore, the 
.lower impedance* curve (after fiashovcr) must precede the higher 
impedance one (before flasnover). 


Not explained in th»» uniform 

explanation of the precwitng text 
is the us« of two voitaue fields 
(each E16.0 format) that lie 
to the right of "EXPOU* , These 
*ro "VOLTt* and "mi?" as shown 
in the format at the right. The 
usage and meaning vary, from 
segment to segment* 


' ";jv .v;,i j, * ,t„r •gpj-r.i.-fv .r.j: ; 

, ♦ *1**1 ^ •* .ri A ^v.*!:si‘vs./y* fet inn :?* a* 

./I El4. El6 Jo; 


! 'vdi.7i;iii;| : :j^oLT£!i: 

.LL tin .•. 


a) For segments i and N*i, "VOLTi** is tne minimum voltage for 
use of exponential modeling, in per unit based on reference 
voltage Vref , At lower voltage, a linear resistor is used, 

b) For segment one, "V0LT2" is the arrester voltage from the 
previous time step, leave blank (or zero) in almost all cases 
The huwton iteration will then start with zero current. 



IS; 


C) For segment N+M , "V0LT2" is the arrester fla.shover voltage, 

in per unit using Vrer as the base voltage. After this 
voltage Is- exceeded, operation switches from the high- 
impedance curve to the low-impedance curve. 


d) For segments other than 1 or N + l , "VQLTl" is the begirmtni 
voltage (the lowest voltage) of the segment. This value 
defines the lower limit for the segment in question. 


*♦**♦***#*•* 

ftfiSTRICTlON 

♦a?*******# 





1 As of the M M28«" code of September, 1990, thia 
ZnO arrester modeling is restricted to the ’ 
case M » N * 2 , Th.*t is, both the low impedance 
(after fiashover) and high-impedance (before 
f.lashove: ) characteristics must consist of exactly, 
two segments each, l,atef, we plan to generalise < 
the input to allow tor an arbitrary number' of 
segments. But fof how, there must be two for 
each curve. 




n<j-t 


Also mission tr» 

.““sr.! !U. T »« M ?;».u;; a ot «■• — istic! 


VRAT “ 


Arrester rating in volt*. 
Inside the EMTP# thi* 
value will b« douoled, to 
give the refer« nc ® 
voltage vref °{ * h * 

• constraint equation 
i a p * {V/WHt)*'*** 


«*•{ >4 ev -*\ *s\ °t 5l 3*^3513^ 
- t-'f-'t-ri*~r' i l f * i l } 

nl 5 llSlS : 


>■<■■ AA"’ 

«*n! 


3. slnou*^^^ 

T7«r«». tin«i «.t.««; ; f .,!s l S5n!t.S?riiu t :5*ti «. ' 

slnoU data c “r a *t'cuU-lv ! 'tne Nciton iteration procedure), 
overall usage (part^cuia .n 

tormat is* . — r . l t ., >,gr =tiw 

I fhm>; raOU^ 5 Wf ft J ; K . ^rr f+; Mu ——- 

; ► * i i ! i ’ i 1 t > ! .. ». -i—.. i i tin ■•> *. _ s. j m «• 4 « 


III 1 i i i ' '"^ — " s. h# , -.recline characteristic 

no burnt cord temlnetes MU cnrn.^or tn, .. ^ ; o,,ta res, 

cards; the SHIP , S ,4;« cards. « W ™« 

and sUPlY ”*$**£ final InO data card, »« nave; 
of constants on this t ina. 

m iterations which will be 

"5«f- allowed fof ;i.°..mi« 

Epszs0 lsattair ' ed 

first* 


EPSZ»0 

(9-24) 


m m M ** 


EPViARM - 
(25-40) 


Convergence tolerance ter WJ it ^ ‘ J alg( , efits xvtst be 

voltage corrections of tn- - w.l. for tne equations 

smaller tnan this in < 2 * r0 ) v *lue is t»K«n 

* <* £ $ i U d 5 & d S O X V ^t * V ' irO^It *1 * V J *» £ / • % * * ~ ® 
as a request tor x{^ a r < rq-ooin*: :rl sceil<ir.co‘i» 

EPSILU IS the (i,c-S ior - sn<! 

dat« parameter ^ xbw* PRi*^# VA/.* SEL)« 

64-bit versions U*e cu '" - D * 

non-fatal warning 

voltage convergence tolerate ~ () A bian:< (asrc) 

n l ssa ;;e about a -sloppy 3 ®;^;^% or th e value 
data field is ta^en as . - one t entn of on- 


data ti«ld is texen as a r«Q-w« , entn o£ one percent 

Vref / 1000 - ; b Sn wnicn^U about the limit of 

o* rated voltage, then* .wnicn 








EPSTOP ... 
(41-56) 


1*7 e. 

C0«U1 n'ro^bo^'! “ l9rsnc ' *« «rror nop 

f 2??5 ? non-conv*.rged iteration, A blank;- 
v^ 0 } ?2 ta 4-ieid is taken as a request for the value! 

Irro/i^-uch"! tl 1 % °* rateci voltage. The current, 
rfUl l t . n i 1 , v ," uc ^‘ a case C0Ua{J be astronomical, remember. 5 
3ue to the extreme nonlinearity Ce.g., l,i**26 « li,9)i 


B, 


G * ps £or Po etical Arrester Applications 


InstrJctloos^JJ^rEHT^R.Me^n^loJ'or^n^ 0 " nadli * lr '* *»•«'« 

dated 8 April i98o Thu * on °* ^ n0 Surge Arresters, 1 * s 

and provides Insight Into Js, «"ep .od^?'" 1 by °« arlt " H * a «- 


!•. 


Consid 3 ' t* '^ 0g ™?n P - n «i^L“Ss e ? ter 

for . Gxam ? le ' an arrester equipped with a shunt, 
passive gap snown in Figure 1. 

lisiwS gtp 9r ^th C tte b a» draWn £ ° r an arrestar with a series 
“esistSn le.' 9ap as a very high 


The protective characteristic of 
regions „ The parameters * f 


_ an arrester is divided into 

specified on thi"^ «,£! °%l pl^rs* XJ rt 


3 sr r 

sets of parameters have to be spSci^ie^^p- 00115 ^ 1 " 6 ^ 17 ' f ° ur 
if a gap is not modelled? Pfor each tester even 



f * 


. modelled’ 

AS 


•,v> 

Kj 

fl 

k'i 

[M 

L* 


I 

n 

f; 


modelled 

AS 


a) before sparkover 


■ •. r 

nl 

f ' 

^ * 

T 

b) after sparkover 
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Figurol. Representation of an arrester 
with a shunt gap. 
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Mi r ’ ' 

CO n.ia«. one 

Its idealis&ed. voltage-curr . the numbering sequence of 

The numbers in t^progrL. Thev also correspond to t e 

. 6-ap sp-arkover 


K . trie - 

•I • ; data input order. 


I *i * , . 1 


K . 


Figure 2. Protective 

characteristic of an 
arrester with a shunt 
gap. 


•■'.V , »' 1 ' 



CURRENT CCREST, A) 


10 000 


u > 


’ •’ ! S' 


■ ‘•u* •’ /;» 

• ; iv'.. i 1 .. 

’ * )/ ‘ fc -aV *' * 

* , .»■ y, , 

s ■! ' . .. 

' ' *' . , • 


- I'iV . * 1 • } * * 

v^h'.:‘ ./V; V.- 

’ ** l ". 


5,0 ^a pu ed^nd ^ungap ped 6 ar r e s t.erg^ 

multiplicity hrief lV belOW* w 

combinations are discussed briefly . / 

; 5,1 arresters with s hunt gaps 

The data cards diseased in section^^describe before gap 

^TTs E?i nTfllr 1$. tic after 

, segments. Segments #1 before sparkover. If t 3 ^® uS ® 

sparkover and segments #^an # ^ exponential only,, lie 

lints to specify* ^Co.VHrefor^esecccd segment as equal 
Should specify the voltage v parameters can be left 

to that of the first one. . The ocner * 

blank U«to)* . 

5.2 Qapless ar resters . 

in order to specify•J'giX'tSUESTe^ and .“^Specify 
the^voltag. S5« (o&T&*j of data card for segment »4> 

Scs'-tSivr^ 1 ehsr “ teristl= is aone “ ■ 

described in point 5.1. 


5,3 Arrester with se ries gaps. 


v?;Vrr.'<'. 

i : j , v. ’ * 

./> ... • 'V;4. 


a r wxut "y *** — ^-i m y ^ — 

. *.„ *.v e aao is described by 

-Ti.-n-HrS? 1 %*o? ZnQ P blocK segments #1 

the gap. When open, permits the *i?! 1 °* a a 1 ^*aither I 'a linear or 

S, a linaar ae^ent ^ 

has an exponent a * ' • \ 

•'.according^ .♦ ■■■■.-.■■.■. ■ I . 


ill 


' )■ 
i'.i .* 


. : if 


• . 1 ! •*, 

. / * 

! V> u 

.5(1 

. •' ■, f 

V i 




—— gJ 0 °»ta Structures 

th , 

Wo * 2 of Ret, 22 Th* d K Ple of iss ue 

• r i:im ;^<*rLn^ «■• z "° 

sa-n-ss.:: 


*• 0 * ■ 

A - 

V^°8 kV , IPf 

I /O* 2„0ii=4 


6ECIW N EW 0ATa 
.000030 ,020000 

2 1 
-1SSN0 REC i0 

92REC 


J * -i 

5555? MO. 


i ' 

9999 

•ia.s:::=i:j:sss; 

&UNK CARD rwnTwr 00 * 60* 

-1 BNDINC SOURCE CARDS. 
20 2500, 

l i0 778000. 

r ;!"«« HOI 


^iHTEB p l()T 

tfte card wer « used in th 

n9e ’ u } w "“ b * 

9999 * ®»5 

1 3« fln 0.5 

1 ”00. 


5 ft i® ia not a re ' 0.5 ■ JO, 

results to the s i- n ,application. in * 

flash over ( volt 2 a*? n card that #as replace*' 9 ives Identical 
constraint 10 per un**.. r «Placed, since th. * aen ‘ ; icaz 

■ tfte 5< ’ n "« «». ' flut ‘«o •>«& Sj; t ,hS # SS'“ 

**a«« «to»* 01 lssue d’WMra?' the .x n «,. - 

Ss 


-15EN0A RECA ia5UC N0 * 

-2SENDB RECS *30: 

•3SE.VOC RECC .02; 

92RECA 

- lf 5553,. 

92RECB 9J9 reca 

92 RPf^P r'lwCA Itltar 

•'SS S? DAT*? 8 ' 

« SF"" 0, » 

145EN0C ?0fOOO. 60 ‘ 

BU,K - c ? #o “«»o”5o.« c. s 8 ;j. 

«2 2500, 

-J 2500. 

20 ' „ 2500 * 

J 778000, 

p «mER PLOT 
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»»««-0*"«n»to n Limits, Singular Mat.-lor,, 

*«»'** arrester modeling^stiu^as".]?™®!]?'" V rf r f<°? 3> ’ the * ine -°*i<le 

W-lts.are a maximum of ?0 oouni! d irrat a mUs whloh are «*«<!• 

subsystem), and a total of on 7 «n arrea ters (10 arresters in any one 

hava need of bigger limits Proftran^MsH total • Should the user 

FORTRAN to accommodate him’ Dimen^,™L ? a " oa oan rea,llI > alter the 
"TOPIS" of overlay IS an2‘ "ZINCOT. nr at0, \ aee ?f peara . tn ">»<iule3 
latter of these appears as folloSs- 0Verla T 16. The top of the 

SUBROUTINE ZINCOX ( I ) ' 

INSERT DECK BLKCOM 
INSERT DECK LABCOM 
C STORAGE FOR ZtNC-OXTnF cm»rr A 

C VECTORS TO MAvrunu if*.*****,*. RR&STERS* DIMENSION 


Z03 


S ’ . saff ”' 

c°mmon n az ;kik > ™>' 

rnMMnw /?«! I, ZNVHIN(IO), ZNCOND(IO) 

VECTORS OF /ZN2/ ^ARE^DTMEN^TOMFn^rn 

NUMBER OF ZINC-OXIDE AM?"?™? J? TOTAL 

COMMON /7M5/ RENTERS. SEE ALSO M T0P1*;» 

COMMON /ZH?/ ZMMULC>oJ Z ZrMr“?501 M 7ri ?() ! .2NEXP(20),ZNMAX(20> 
COMMON /ZN2/ ZNSLOK20) ZWRF(?hi ZOSWT(20) -‘Z0»««-(2D) ,ZOEXP 

DIMENSION MILOC(,OMlL 5 R(fo)"zsSu, 0 ) 


Z0EXP(20) 


> alohg with miscellaneous data parser SISsti N- ln * * 3 involved ' 
singularity. Well there h»« H .,o(. *T ce w EP5ILN to measure possible 

tolerance falsely caused trSubll^when^offiT 3 3 3i Nation where this 
normally. But it is not uncommon rll»\u 1 ^J 003 wore Proceeding 
(KILL s 209, LSTAT(IO) - vsrm if ff f v!? er ® t0 an EMTP error stop 

>Ul3 is the result of excess voltaigi* ihi^h^h^n 1 ? d j; v J r f in 8* Typically 
nonlinearity to produce 3 stfcmn*<«!i * whi - h then is fed into the ZnO 

vaooblan matrix thSs are ouUe aha»L^ rr<!n i S i. ? ha °f the 

of "DGELO" which terminates the ^Illation s?/"* ? ln «“l arlt F t««f 

have had this problem in cssL lr a . BPA P rod uction users 
capacitors was used, wi th a fj u lt ZL.Ia p ^ tection serUa 
sinusoidal steady state T* ? n , th ® system in the phasor 

Page MIOC-12, »rJio*», 8 March^Sso)^To^L 00 "?^ 10 "? CR * f * 8 ’ Vola x » 
fate, I reproduce that puli here- ° S fr0m the same 


RULE 




advised to examine the Jolt^iL L 3 sln f!f lar ^cobian, the user is 

difficulty, 5 e th iJ Sf ?n?M 0 ? a the arrester at th ® time,of 

such voltages are reaSoiJblS nhSiJi K SU Vf for Newton ’s method. Unless 

for converience Pois?M^ ?li° a H y » ^ he deration has little hope 

but more likely simgularity of the r ^ X rthi limit simply be reached, 

y simsuAarity or the Ja obian would be detected.. 













1.3 COMMENTS ABOUT BRANCH' CARDS FOR 
_ NONLINEAR AND TIME-VARYINO BRANCHES 

1-^.Juaber and location of ^n n eflr 5nd time-varying branchpw 

4 ) N e t work with only one each branch-. No problem arises. 

b) Ne twork with morejmch branches (se e also reference 1 and^dbeW) 

The present solution method assumes that •• the network 

linear or .time-varying branch « 1 +• , e w ? r k has only one non- 

In this reoprct, itu t 1 ^^" ect ' 1 region. 

. conditions at one J ?-, ?f t0 »' <> } 0 « i «»y (reaeon, the 

?; . O"^ after the elapse 0 ^ ^. til T T but 

branches often break the mtirork up J n‘o .iiacora!^? 1 .’ parameter 

solution method- win work for nore^Ai? 1 f cte<i s «°-network3. The 
these are "isolated," that is if lj m?ar or varying branches if 
than one nonlinear or time-varying brar" lub * ne tw ork has not more 
• as follows: In the oriirinai! i ?; Ttue condt «<* can be checked 
uted parameters and alsTall brarrh^T*^.. eU branche3 *lth diet rib- 

(including ground). This will usually a > ?■*?*“ Witb known voltages , 

Aach sub-network must have nnt ««« m, " ln disconnected sub-networks 
This check is automatica/iy Zl °n , 0 “-“ nml1 ^ « 'l»o-varyi„e brmnmh. 
met, execution ij stopped with th^ *•*,«’ x ' th<5 condition is not 

'NOOE-1 f AND 'NCDE-?» P ?/XTHOt w •VUTFT ^NUUEAH ELEMENTS AT 

aauauaUsfepiw 'X l * ? mEE «- *». tawnMM. 

approximated by “ «“ * 

L- “-it • Smog such a branch with diat^ h, 'Ji C At and sur «® impedance 
At ... axJtlAbux ' c ' ,i Parameters is erased in the 

connectivity ch«*ck it wii*' hi* 

appro^mation of ahurpoo '.v ; °cLn" ( , J v t !;%^r 0 ? nM , Ur ' 8 the ” et ' ork - *“• 

the literature as "stub-line, iw***,,*-*« *!) ‘ t ’ los f lesa line is known in 

p^Sl"’ traveling-wav^ coluliona " AlS^frkns’ XJJt’lIi* G \ K ‘ An 

P« Ijot). Too stub-line reDr^rti.c'nn - ** part III, vol. 60, 

it . work© only if 2 is large compared "wWth/^ " ' °° Used with caution? 
lines . (Thor^n, H. B., and K. T J Ile ^urge lapeuance of distributed 

. the calculation of switching ard M^tnin*. A ^P^ter program for 

. Pi^aia-aig ^Te^moJjj i 868 0n p0Wer ^teme/'iEEeTwm, 

°) -^Ss^rps^gtancm OiMring Arrester^ ^ ' ' ‘ 

L?i n ^ in f lr with a characteristic 

only 2 slorea ««*, -?u><«<*. w*:.wven,8uio of 

Kea L. , 6J * ontJ infinite and One r-a- 

w*a*r^J a fhiWrft"'f^lf rle “ “ ith a 

whereTCr tbe eL-n oV^'^ 15 ' of * lhich ohangea 
series ci-c-i* S current changes. rh« 

k. and witotaln Otherwise. -u, s 

with nonlinear f i0ocia ^ 

■ 'special switch {£.* -^;. n ^ as a 


l 

< 


t 

I 


V \ : 

iV 









3«oprV c 7^v^LT-;j2r' i; - 

in parallel. The"owft ched^r^JiSr 1 ^ 15 s r tched ^ normal stances 
^amstera as doscrihtxl in section 1.5 priaiaril 3 r need to simulate lightning 








1S<=1 


Switched Inductance; 


*\-x 

Ac.ot.« L, 


A nonlinear inductance with only / 

two different values £„ and Aicoti* L, 

1 2 ---‘— n 11 • ■ 

(nonlinear characteristic with only -"jf K 

two slopes) can be represented as / « . . 

two linear inductances in parallel. / L P 

I»P is switched out when L = X.., and p^OTSlT— 

switched in w..en t * L 2 . This ’’switched O--—^ 

inductance” avoids the difficulties '- 'IPSfr' - 

associated with nonlinear branches; it 

is read in as a special switch (see section 1.50. Store than 2 slopes can 
. . be represented by connecting switched Inductances in parallel (see section I'.Slj 

Every nonlinear or time-varying branch can have a ’ .***» 

characteristic with a region where R •»co(aee Fig.l)i , 
therefore» the solution method must -i^cunt for the 

eventuality that such a branch is blokcd. This , - ■ ; - ( 

blocking might exclude a solution, w/.ioh will show i 

up mathematically in a matrix singularity. Fig. 2 ^ 

shows such a case, where no solution exists whenever the • ~*~*~***^ ) -pr< c i 

nonlinear branch is blocked. ' o e *' 

The program do.it not recognise whether a specific • 0 v m,_ 

characteristic may or may not block. To make a case I 

with a non-blocking characteristic solvable that . pi,.... 

would be unsolvable in the blocked state, it ia jfU^cn 'll’I 

necessary to split the nonlinear branch into two Uj 11 

parallel branchec--one linear and one nonlinear--, j ^*j~ * 

thus providing a branch of finite resistance. . vhr ~ _ _ rmrr 

This is done by splitting the current in the . S 0 ** ^ ‘ 

nonlinear characteristic (see Fig. j}. 


• o-VWV 

m wv 

jfj ^iven 


Tijute 2 


tAt/t 


One branch with 
potentiality of blocking 


Two equivalent 
parallel branches 
.—•* 2 il 

> ■ —4 . </\ 




— Wn— 


.2 ~^r t 11 

:y^lo v - ■•■y p>a?t 


/^ S ‘cKcVoc\e , nhWt bV 
2 ! nculwecr fiat?; 




fj> ^’* l ~ , %t" • - 
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^* Treatment in g tead.y-6 ta t ? solutio n to ae» tr.j ti-il conditions 

All nonlinear and time-yav? i r''<*tnt-*JRcea as well as lightning arresters are 
-secluded. *ro® the network la the ac ••.■ f sndy state solution . Nonlinear inductances 
are included with their linear z - ton a i specifiei on the branch card (see 
section 1,37). 


D. Network 


tequireraent: 


k; 

l! i 

, 

i*.: 

i-!i: ' 

! 

K, 

| j ; 1 
* - ! ! 

| • 

! v ■' • r • 

’! f. ' 'i. 

i 

!.|!f 

S ) v 

■:b 


■j :i‘r. i »/. i ». j; 

L mi 


5 ^ ’ ■, 1 ! > : .■ 


ii- 1 , j !i. ,f 

1 p-f 
J 1 ; ji 

j, |' > 'i ; t 
4 * i ,»*< “ J 

w&. i 


J#- 

:j 

r ■■ j 

j* 

*' ! ’f< ■■ J 

■■ f ; . 

i / ? 1 ? ' 11 


,r 

J:'4H 

felli- ? 


. \ff,| 

f/fy '; 

t; ,;v ,* 

it;-' * ■. 


■: :■$ ■ 
" r.{i > 

: 

■■ Jr :■ 


For the Transients Program to be able to & l.ve'a pivMem. the eouivaient 

h f r M* 1 " hiCh 13 80lVe<3 at each **>st be "connected," 

i f’ 006 to 3t . be able t0 P asa from one network node to nm other network 

n!L a i 0flg rf° rk branch0s of finite resietan.ee. .Bquivat l 

network, path .from every node to ground. * 


be 8 f fect thi8 *WW*""** i *» that they .met 

b« uled as Zlt , ° ne ? oc "“ eotlv “y check. So such branch cia 

ne usea as part of tne paths satisfying the connectivity criterion. 

•• Examole 

--- - « f ■ ■ 

The network aketened at the right 4> 

can licit - be solved by the Transients jl a * — 

Program in the form shown. With fvVYV~~]- 

switch S open as shown, ignoration P \\ 

of the time-varying element R(t) 

leaves the right-hand switch node , /7\ 1 -JLi— 

without a finite-resistance path to ( *" ) --j—~ Qj 0 / ,. 

ground, and hence disconnected from ' V C^ j r\vvy 

the rest of the network. This problem I 1 .. 

would be rejected by the program .1 

(the solution process would break down. I 1 

and the case would be terminated) ♦ . .... " 1 111 1 ...* 


One can’ provide required, connectivity 
by inserting high-resistance paths where 

-p By such a resistance several. 

.orders of magnitude, larger than other 

epical problem resistances, the transient 
rft '.ution is unaffected fbr engineering 
purposes. But be moderate in selecting 
such values. One can not in general use 
arbitrarily large values ; 

it has been, found. Due to the 
solution by superposition, one s.ust pot 
make these artificial resistances so large 
tl»t they are lost in the .round-t ff of the 
equivalent diagonal conductances at the 
adjacent typical nodes. ; In tsraw of floating- ' 
point aiooo;.Lianeou3 data parameter "^SlLTi 11 a 

-.1.^ other 

probla. tkpaa.Mc-; t be reaeokable. 
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1,35 BRANCH CARD FOR TIME-TARYINQ RESISTANCE 


KAJIB OP SAME OP 

1st KOBE ft/n 2nd SOI® 
- - 


V 1 


" ’£* • 
A ‘ t . . 

: 


H- 



tim count of the transient study). 


Specify the time-varying resistance R(t^) point 

by point a* a piecewise linear characteristic >r 
(linear interpolation will be ueed between points). 
The time count t R does not have to be identical 

with the tine of the transient study. The time 
count is started as soon as the absolut 

value of the voltage t across the 
blocked branch (R •*£») 
reaches V, 


START 

must be 


( V START 

Specified; if 

V STAHT * 0 th * n th ® 
ties count t^ is 

identical with the 


I! » 
• : 
T 


OAOTIOFt It is'assumed that R * oo until \rt &> v 


(Can be changed if desired). 


START. 


*) mm 

1) Branch type is 
. 2) Specify 2 nodes by names. Sodas may be grounded. 

j) The time count for R{t R ) start* as soon as 1 v> - Y START* 

Prior to that a is aeauned. «o be infinite* 

* • 

4) If the characteristic (curve) of the time-varying resistance is identical 
• with that of a preceding branch, then the following storase-saving option 

may be used* 

Repeat nods names of that preceding reference branch in the provided 
columns 15-26 ih the asms sequence awl also punch * STAfi j» do not 

* add any additional cards for the oharaoterietlC* 


* 

i , 

* 


'i* h V 




CAOTIOHt Sews as in rule 5 of section 1.21,‘ 

♦ 


./?„■!?) Output options for printing and/or clotting* 

Punch H 1 M . in column 80 to get branch current, , 

: i."2*' *. • to get branch voltage, 

hi l *‘3° * to get both branch, voltage and branch current; 

/•£*'«. ’.V .. . to get branch powejr and energy consumption (s e 

. ' S ction 1.8 for details). 


J.'l 'V 




■ '■!! 
,.»4 


,\yn 

.-'V 
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b) FORMAT and EXAMPLES 

The card with the TYPE number, the node names and v staht on*it i« immediately 

followed by the cards specifying the characteristic {if option of rul 4 is 
not used). The characteristic must be specified point by point from left to 
right (in figure above from point 1 to 5) *ith one card for each pair 


V R( V 


f value! * 


Terminate this list by adding a card with 9999 in coU. 13-K>, 


first cardt 


f 1, 

. •>? r 


ii;.. 
’* ‘ » 


EEQEESECEEEE 




m&Et.Nfcwss,. ; :***«. '*&**<& 

'lit'.’ • I ; (toreftevks 1 / STA^f 

* vrrr . . . .. ....—* v* ttjMjfc* 


ft 80 S 


fWHAYrjjj 


eosg | 6os3 



tifiifr? 



Cards with characteristic! 


IS i • . ‘ * ' 


ererccrecsBera 


tR in ssc 


2BMfiMiaaa««aiiwmiii 


£16.0 


R(t n ) in A 


£16.0 




y j 


*1 ,1 


Sample Data Mating 


/■* 


£33 


,11 


} * 


,V» * V** * 

;!^iVs 


SfM . taStt j5 v u jiuffi j 


i* 


. 1 . 
! 

! i 


lRl.6i.HTT.! . *. 

.i-H $544 

.£..}.. t.0> .4: 

!4..:.Li .,1 O'. .6..; 


-+mt 


vt- ctt: 'rL]rrnj .ot; 

% ty i^h^i ^ 4 ^'tte 6 Pf mm- 


. 4 .. 


!• rj-f-i 

'Hi 




(DU® 54 i..u. 

L, 3 OiQ •]..!..i., 1 .. 

4 «« 0 :. 

Wffc™ 

\ 1 M i 


O' "" - ' VyNAtf- 


. ■/ :i\. o . - , wyv-r> *\ 

. s\»A VimeomwA: J. u t 
1 ’****' WW'itfcVN /$£*** . 

ife*. ' R'ooL 

reot.i WiC 

•[• v. 

•v&A-’-V : sy^Wt. cc4cJt J , 

■-V>jy : yy >Vav\ \v\ i WV 


«MW\ 


. v f .* ^! •; -: ' * 

.*V ♦** / ,*• ♦* | 

' ‘ -. 1 - 4 

j * ' •' # - */ 

J.-h. '• 



If 

r . 
? 


v 


■sWp ojt isVix'cuX W 
g toco s. 


'>4 

I : 


ft 
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( 


: i. 

• <\ 


1.3* BRANCH GABA FOR BOtfLlNg*!* RESISTANCE, WITH PUSHOVER 


‘ 


NAME OF 
1st NODE R(i) 




HAKE OF 
2nd HODS 
V r >. . "O 






i*MMW 


Old Style 

Lightning Arrester * 


Specify the nonlinear resistance R(i) in 


series with a linear resistance ft 


linear 


point 


by point as a piecewise linear characteristic 


nonlinear 


f(i)( linear interpolation will b 


used between points). 





r»<- 1 


R will be as Burned Infinite until Nl £ ^BREAKDOWN* thereafter 
8 m R(i) + R xinear acoordin £ *° specified nonlinear characterisKc, 

It la assumoc* that no clearing Occurs after discharge (the u ap 
hairing flashover voltage v. 


BREAKDOWN 


remains shorted once it 


can be used to 


has fired)* The linear resistance \jj» iear 

represent the grounding .resistance of the lightning arresters 
a value of sere is permissible^ if desired. 


First 

node 

name 


gap fL'.r.hjS 

over when 

v ^ Breakdown 


AA/WV- 

s<i) 


AWV 

**1 inear 


Second 

node 

name 


Nonlinear resistance ; 


Simply omit th gvp by setting v BflBA8D07JN * 0 * Also 
eet a ix near * 0 , assuming that all resistance, is in the 
piecewise-linear characteristic. 
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) RULES 


1) Branch type -?* jojTj . 

current ie from »et \ 0 *2nrt*«SJ. b * 8round ® d ‘ Positive direction of 

5) sr ssn? r-^r b * t „o«„ lng( ** 

rixrht f»r ^linear “ W8t nev * r Crease when read in from left to , 
***.<»-,«« i*. f . „ 8trei , 8M ^ MalBteMn ;, ) .. 


4) For a nonlinear resistance set v _ n _ 

Which ie an ^ ' BREAKDOWN °* tor , a lightning arreater 

r—• 

s*— *. *. 

thereafter (if «**»ww *«I» Min* the eonlinear reeietam 

- - - - ^^rrjr urr^: 

5) Ir^.Z^Z ^ 0 ^ 1 S^SSl i ^tC.rbe°u f .: d r* C6dlnS 

Drovided^olumn^i^e^in thcT^a*** reference branch in the 
for the nonlinear characteristic. 






CAUTION* Same as in rule 5 of section t.2l 

<> «v«r plottlngY 

non # 90 to get bianch Currents 

t n trt ajpA V_. " 


ri 2 lf 

Wjti 

*4*i 


— -•-- «****uan 4 

to. get branch voltage, 

to get braneh^nowm' 1f n^rf a ^ e anci branch current; 

StoWoJ”? ST* coftsua Ption (see 
^^tion 1.8 for details). 

7) prints .. v 




2tl 


b) FORMAT and EXAMPLES 

n, card with th. TOE xabar, aode u»., and * UnMU . on lt ^ 

immediately followed by the cards specifying the nonlinear characteristic 
(if option of rule 5 ia not used). The nonlinear characteristic must be 
specified point by point from left to right(in example from point 1 to 7 ) 
... * lth 22£ card each pair of values i, v . Terminate this list 

> by adding a card with 9999 in col. uJjg inear 11 ' 


First card* 


I'*! *1 *1N o| h H H 


, ^ 4. T 4 TTt , TlH S 1 ^1 3[ sf aj ftl al R[ 

;5wl ! 1 KJCjfcfejViAJMteS OF Iv 1 1 "O'.! J ; 

aft fJJJLLI ! ■ i I ! i&4<w 

gtfBosi i boss "fii?s3 i ^s<t Uv^. 1 -iLit 


IxT 


u 

• • . 

JCL, ' 


s n-f'RHi:f. 

, * 5 1 . 

Cards with characteristic: 


CUR 

lassie;^ 

VOUT 

E 16.0 

£ 16.0 




,'! i 

.W 


:*T:* r i ,L . ,..| .,fci 'e^TT^pTri 

• r*>- ‘H r; ■ f : * « S "- 1 rSSQ..ES.i ; ’ * j ’, ' 1 

IT.: Ti- 2 ifff vr •: t— I • ~T : 4 •- Ti a 

| fiET A faFij; jRt^T .'T-fjji - 1 I 


fflaata 51Pl«i £1 a sS a> idrfsJa}* 9 ^ 


.. ?%.0£3. 


• ; >-j .1 ;• .0£3.'T.j'l 


. • • « 1 1 




6 Op —Vv\Ar——Wy- ^F , , 0 

V JBR6AKacwN '$,W7 


OPTION 
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1.37 BRANCH CARD FOR NONLINEAR IKDPCTANCE 


NAME . L(i) HAMS 

OF 1st NODE*-—OF 2nd NODS 


Specify the nonlinear inductance L(i) point by point *e»a piecewiselinear 
characteristic , •'vp' * f(i)» with M/■ total flux linkage{ linear interpolation 
will be used between point's)v ' 



. V 

NOTEt T " T«ax C0 ®V>- For sinusoidal flux with ^ * -MS. 

' oftx <4«44^ • * 

A small supporting program exists.which will convert a V ’ vs 1 
. J rms ims 

. saturation curve into the ^ vs i curve which is needed here, under 

V fiEfcfiS the assumption that there is no hysteresis. See Section 7.2 for details. 

1) Branch type is J 93 I. 


lllliil 2 ao*«» by names. Nodes say be grounded. Positive direction of 
current is from 1st node tc 2nd node. 

3) The nonlinear characteristic must be monotonically increasing, that ia, the 
values x,Y must never decrease when rea»i in from left to right; 

4 • branch iU tt* identical with that"“of"a preceding 

ranch, then the following storage-saving option may be used? 

Repeat node names of that preceding reference branch in the 
provided columns 15*26 in the seme sequence and do not add 
• any additional cards for the nonlinear characteristic. 

. . ( M* ^ 'i , ' .. 

JAUTiON: Same as in rule 5 of aectirfh 1 ;2l ■ 

2l!^ t u?» t !' 0n8 for P^ting and/or /lotting: 

Punch '1" in column 80 to get branch current, 

Jz n * t0 E®* h'"anch voltage, 

( both branch voltage and branch current; 

4 to get branch power and energy consumption (see ‘ 

Section 1,8 for details. •' 





6 ) If the transients lb started from a non-zero ac steady state condition, 
then the hfiwr region of the nonlinear inductance will-be u* »d in the 
f steady scat* solution. This linear region autit be specified as a pair 

_j_ A «teady , v fsteady* 3ptiC;Ul caa « S{ 


' Steady ” 0 or blank 
Mfsteady * 0 or blank 


To be used if no ac 
steady state solution 
is asked for or if non¬ 



linear inductances are to be totally ignored 
during the steady-state solution. 


^steady “ ® or ^lank ]* Nonlinear inductance 

V will be non-conducting 
steady >0 J in steady state solution, 

but will, in general, have a non-zero initial 
flux (is computed automatically). 



i 3 t*‘adv' > 0 \ la not permitted (would 

f be a short-circuit in 

^steady -0 J steady state). This case 

leads to the following error message: "NO 
INTERSECTION WITH NONLINEAR CHARACTERISTIC NO.® M . 


The linear region to be used in the ac steady state solution is 

defined by the slope h r . . The initial fiuxy(O) 

will be listed in the output Tf tti* afoution leads to a. fluxivttrtl >1^ > \, 

then the following warning is printed: "*+* WARN IN 0. ASS t,:m T ION THAT 51 

AC STEADY STATE HAS KfNDAJGSNTAL FREQUENCY ONLY IS QUESTIONABLE WITH 

PRECEDING FLUX OUTSIDE LINEAR REGION." 


CC% 


, •! i -i 

! h 


.Ik : 

; ■::! 
i T. !• . . 

i l >:« . 

t f . 

I 

. . i ! 

, J f r * ? 

' ! L*.»: 

f jr f r 


‘; l . 

! . 


i ■! 

; r r 

I I *! 


;; 

r ! 

1 i; 

tr: 


‘ J, 

i 

A 


b ) ZOiiVAT n;:d KKA XPuiS 


«* --)• {u ♦»«"> o^u o ;v r 

!_«» ;..ft t„ ri.jnt (in fisurn nbcvo i'rm Z"',- 1 TZ?"* p ° in ‘ by poinl 
~--5 ' L,alr oi values i , \j . iV^jnatA "thi«'i <"♦ i "° ^ 2!l!i card for 

V'/>9 in columns 13 —'j’fc . — ^ nX li!J “ L</ aadj - n <? a curd with 


r’irst card: 


J-- ; p-- -~ r — ------ 

1 : ■;< "i £;;- .•■■’ .,fp7T;. T.-.T. r.-lV:' f r-r-r-- 

H ^ ■~ v — 4 ——--J* *+Z?L\jit v ’J•*»!» v * <*V *;*• '-W 

I (J Wc ^ CVil : ■*“*” 

_ ___I^Kwwt *«"A* I Via.J 

t»L 

»T«trw 

Ao 


T~-A: 

: . . ,N * i ’ .Vo " ""*■“’—««~_ 


T 

* 

! 

. i 


- *;l m u«,S 51 ' | '***± <* ^ ll 

J VO'lW^ j 


Ab 


C,4rds with characteristic: 


Lirtnr-— 


CUR 


! FLUX 


£7& -C i _E1&.Q 


r. 'LL.2. I e_Ci. 


r 


i 


*4 a>| *•» 

i£U 




C> 

Wo 


. In 




1^- 


I J 


1 " ’; 


? . ~r. ri 


% -* :? - -•■ --" rj . rnrer 

1 - J -Tr/*.n»,ni ll - >■ ■ ; 


‘I'm 


■§5?r-le Data TTnwtro 


•qroasraarrr-- 1 • ' "“»• 
;°3l*-.m- .. jRlG h r j 


Urr . ; -!.n 


WtVv** 


t c\. 


\ s 


•"" ,r; Tt: 


HiChT \ 


[ ^ C°\V WtV 
*-i v%;(> ; 


K 


t A _^>C-> } (U 0. f 

■-■' .j ' J 



° 3{M00 £, ■- j !\. ^ A P'? ?< / 5 i'J ■ . • • 

I ^cri jRl&HT i 
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^ t\v l-< ‘J 

AOtfe 4CVu.\..^ 
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1>5 J tipe- 94 M0DBBK-3TOE 3iC SPRCE ARRESTER COMPOMT ! 

History of Development CjpV' 

The EMTP branch component which has type-code 94 ia a si ^^f”n+viA ^ rU& 
nonlinear element whose dynamics are designed to represent a modem-style 
silicon-carbide r;rge arrester with current limiting gap. 

The mathematics of the Type-94 model are fully documented in Reference 17. 

It is Strongly recommended that a copy of this paper hi procxirred from th^ 

Shmx^ S So^ who is considering the use of this component. Details are too 

inv lved to be fully covered here. , 

'''■Di. computer Ijaplraentatlon of th. Reference 17 mathematics »M performed 

at the American Electric Power (AEP) Service Corporation in New York City. Dr. 

Amin Phadke Chuck Wolf, and perhaps o-thers of that organisation remain (as 
July 1977) the only persons who have any practical experience with e a rres e 
model. Procurement of the seventeen data parameters is 

only known measurements to date being applicable to the 765 kV arresxers 
are used by AEP. 

Tto+nlla related to the acquisition 'and testing of this AEP surge arrester 

coa. Ss Ln.il.rf in Rcfcr.no. S (Voli Til, 15-pag. S ’ 

1977). This memo is recommended reading for the uninitiated, too. High 
include a fully-documented sample simulation, plus five pages of comments by Arun. 


W/V; 

7 • 
n ■■■■ 


Mi*. 
jin«** 

V 


•«r 



■ itn 

: W<1 

I 


* \ ''({»? 


amp Data Format for fypfr-94 Arrester Component 

Data input for a Typt-94 bttrge arrester component 
b gins with the usual branch card, which is to b* punched 
acoordlng to the following format* 




Ul 

0» 

y 

y 

H 

Hhi* flanks 



BUM 

BUSS 

BW3 

'Suk 

.’ 1 

12 

AS 

AG 

AG 

* 11 \ 

AG 

E€>i2 


EEEEBBBBBEBB 


ill 


I > » *«* 


•4 

a 

t 


E6i a 




t 


% 

iSi 


PM 


ITYPE 


I,' 


1081 

B0T2 


l 


’.■A> 


1085 

B034 


I ■ •’.«»< 



' Branch type-code '*94" is to be punched in columns 
1 *$ of the card,, as a request er the arrester component. 

EUfP node names for the two ands of the'branch-. These 
are two pieces of 6-charapter alphanumeric information, 
punched in columns 5-14. 

Columns 15-26 are uoei only for the reference branch feature, 
for the second or itaier arrester of a set of arresters which . 
' have identical charaot eristics. If the present arreste? is ; 
identical to preceding arrester, the user can punch the 
node names of that preceding arrester (as an ordere d, pair; 
in the data fields BUS3 and BUS4 . As illustrated ,v 
the sample data listing below, parameters " t i &gh » y ’ 
.. and P< ape not considered to be part of this '. 

check * for '’identical.", characte ristics} these tnree_ 







feu ' 

r Y * _ ® und * r eon*ideration) 

... r 4.n«iti« (*. Mt , kttot)| 

*** ' VW.r 

■ 'w/ VW 

20 W __ JL 

•**•*«■ rS?^, °° 1Uaw fi0 «que » t8 output of tfa, following 

~ vests* 

!«<*«*» *3* EK lW *¥ tf 

, * <m< * ” 4 ’ totfc teSS SST*!? *? MW.I 

additional oax*da l»an*d*i***^L*^ ,H BUS 3 * in<l t) _ 

bt * nol ‘ °* ri »•>»*•. Th* fo»SnS! r * °* th * •rr^.t^'i,' t *f” M “*. «tx 

-* ••*«"* *»• •» ‘■r taw » follljw 


low 



wan 

^HbbSSbSsmh 



ft - “ 


V 

lw 


mil ft 






* *•" *****«..' „ * ‘ ‘- 4 * ^ 1 Ur Iff fr/fT 

JJjfl jrartlona ftf docua. JOt«d in +h- 

^••bol dmd > a*mu#ii* .^ r Wktdi btrt bitn — r , ^-forcsswitiouiHj t bbp _. 

imiob fm im Z 99 * d*®*® aim a w. T** "BWttuoad b«low t* * \ JkSSE P a pej 

j~**«• *nss « ss: fir s*“- 

Oi. w *«o« MtiiM .^T 5 * 












w 


In thli equation, fy, b not a constant. For ur purpose we may write 

Va«K*a b <2) 

Where K and b are constant over a given range of currents, but may 
vary from one range to another. 

During the period immediately following sparkover, t 0 < t < tg t 
the gap voltage increases rapidly as the arc is lengthened. The develop¬ 
ment of this arc voltage resembles the charging of a capacitor, therefore 
the relationship chosen to represent this phenomena has form 


V «/* ii&iat 
9 c 


t c < t 


( 8 ) 


It wiis found that the capacitance C for this type of re prese ntidi<m is 
itself a function of arrestor current anti time such that 


* 


kJ 


- i .- 

i ; - v 


V X c 
V/c 


b> 


where K c and I c are constant for a given gap design. Therefore the 
capacitance is Infinite at sparkover and monotonlcally decreases ac¬ 
cording t equation (9). If R r and Rtf of Figure 5 are assumed infinite 
during this first interval of time, then the expression for C given by 
equation (9) (s the same C shown in the equivalent circuit diagram. The 
final time tf for this first interval occurs when the gap voltage reaches a 
level Ej, which Is a constant for a given gap design and a specified 
arrester rating, thus 11 is defined by j 


'm ■ vn' * *i 


oo> 


During the second stage of gup response, tjCKlj, the arc voltage 
exhibits a form of negative resistance in that it remains relatively con-, 
slant at B} for high current levels but Increases somewhat Us the current 
decreases, this phenomenon is represented by the equation 

V„ - K, /* V* V q dt + v_(t,) 

Which m*y be written in this differential form' 


fc^fc <- t 2 


tm 


i <av 


y at 


. K « * v « 

■ _a — 5 — a 

*1 «S*. 




02) 


1 where fc rr K 0 . Iti ,»nd *7 eonrtant for i specified erreiter. if R r tn 
Figure 5 it attained infinite during Ihlt second interval of lime, the 
equivalent circuit way be related to equation (12) by leUiii* 

•7.V : - • . 8 t - k 0 - x v i a * Ay -■<»« 

- » r * k x 


(15) 


„v, '.Tile final time |j for the negative retiUaitce period occur* when a 
v'ii -ritierf level pn&ernU tneigy Wj U reached to that lj t* defiiwd by 


2/7 


as o 


During the thermal decay period, t2 < t < t£. the gap voltage: 
tends to decrease as the orc heats the arc chamber walls. This effect la 
represented by adding a negative energy-dependent term t Che inte¬ 
grand in equation (U), that la 




t 2 <t - t 3 (12) 
where Kj is a constant and the thermal energy factor ia given by 
t 


W iW + 
o 


w i/ V« 


At 


(18) 


\ here W 0 and Wj are constant. Equation (II) may also be written in 
the differential form 


dV 


dt 


vvT 


+ i;^-v 


t 2 < t^t 3 ()9) 

The equivalent circuit for the gap given In Figure 5 is therefore defined 
over this interval by equations (13) - (15) and the relationships 


E d *. .. 




( 20 ) 

( 21 ) 


The final time tj for the thermal decay period occurs when the arrester 
current deceases to a very low level, a region of arc instability. There¬ 
fore, 13 ts defined by 


W " *3 


dl 


o(tJ <0 


dt 


( 22 ) 


(23) 


mK *J 


SLlJk dt +'V ft ) 
*• 3 


In order to decipher tW-se 
tl . . * . ^ 

e^i>-ax»oni ^ <j° get e* 

coMpie'te capy of tk»*$ 
l££E paper- 1?) 


The region occurs immediately prior to the arrester inlcfrupUotv 
time *4. During this interval, 13 < t < 14, the gap voltage rises rapidly. 
Tilts phenomenon causes the current to decrease at n much greater rate 
which speeds up the desired interruption. The arc instability may be. 
simulated by modification of equation (11), that la instability 


t 3 <t£t 4 (2*1) 



I 
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•i f 
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'!; '!'i 
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■V li t 
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UTPP feat C&se #5 7 » th , * 

rp memo n* US* I ? 7 * ‘ J he elution 


/• 


84 

Nil 

- * • - - 


. 

*•6 

s — 1 

** * - 

l.4£8 

I00DG. 



• 0 2 

-1 

• - - * - 

*00. 

‘ 4C00. 

BU 

93 

*1 

93 

82 

94 

92 

A82 

1 

*92 


HO 

HI 


90 

B1 

14 

30 

SO* 


HI 

wir 


81 


a.5 uo 

* 2 ? 

.268 

r.0 * “ 
• 0006 
*.oes 

• 05 

• 656 


♦#£-6• 
3.* 


•I. 

*u 


r .0 

«Q90f 
5,0 
2.0’ 
. 4.5 

-H>. . 

*?-* 5. 


2.0 

f 880* 

tooo* 


I 

I 

I 

6 


—\ 


i 

l , 


69 « 




!?° identical Burg, abaters . 

ssa-ssis. s~ »•« 

‘ ana 2.0 , respectively, 

- *v ~ 

*». a prorated 

or the module. Typical lv • /-,«° nd to a Physical descriDtinn 
to describe m, b *rp-«-ca.Lj.y,- one would calrmi =.*.,* ripti ° n 

^^“snrn “• ■%" sns 

of“ e pro e °« r «“ 1 phyL ? oarvor? reiya ''°“" a °‘ h « psu? 

to if?f f atea arrester moduli rt - current scales 

div<o5f? Ct a Sc aie chanqra be form lu 13 theref ore necessary 
directly used in the S£ ? . ” ^® arrester model can g l 

l 2S& : 


f, . 


* 

fci- 


>t° f 


system 

^system 


* 

V 

p i 


v 


arrester 
[ - 

arrester 


§ f' 
1 , 


1 ’ 


> l I 


*• * . . •■ ' * arrester. . , .// v 

of^the S IsI h If t ? 0 a £" ml ations In the test ease as ex m 

wodule used is lie same " °*t aimulatlons > «>• arrlstll® • ■ • ■ 

arreeter model also arl'thl J hat the OOI >stants of the ■ : 

•figJlW, ij-es /'-XJT*.-! iS S T rent ^ ase 

.arrester mldlfef 

a generator voltage of lo^ie usad , . SqUal to l '° ani .. .:v. ■ ' 


•i: 

>4*’ 


v\» 


i 






i . . K * 1 

How consider the second eystem operating at 30 KV (Generator %•••:? •■ 
voltage » 30) with a base current of 2 KA* )s'l.ine similar, . V\ •* 
(though not identical) to the one of the previous simulation' 1 
is Connected between buses B1 and B2. Flashovep voltage , ' 
for the arrester is set at 25.5. The flashover voltage of 
a single module is 8.5 KV, so that the voltage and current 

conversion factors must bo sot at F v *3.0 and F^»2.0. Note 

that this selection closely parallels the actual tost of 

this nature, which would require a series connection of 

three arrester modules each with a flashover voltage of 

8.5 KV. The voltage and current waveforms from EMTP output 

are expressed in system variables, consequently although , . 

all the voltages and currents for the two cases are approxi- 

/ . mately similar to each other, the. voltage and current 

Scales for the two cases differ ,by a factor of 3 and 2 

respectively. i 

"• < .! • * 

‘ . * 

The familiar EMTP requirement,of isolating true nonlinwar elements by 
distributed-parameter lines al.ao applies to the Type-94 AEP nurge-arre&ter 
component. Refer to Section of tho preoont KMTP Utter'w Manual, 

later extension to a 3-phaae component tteomo inevitable, if there in oufficlent 
interest on the part of users (see Section HI-K of the KMl'P memo dated May 15, 

1976 — Vol. 7 of Hof. 8). ‘ ..—. 

Storage requirement a for the Typo-94 «urg« arrester component are easily 
calculated. First, each arrester oontrlbutwo one entjy to KMTP Hot number 9 
(the nonlinear element table). The contribution from each arrentor to Hot 
number 10 (pointo defining nonlinear cliaracteriwtl.cn) depends upon whether 
the reference branch procedure io uo«d;- 11 cello are required if It in, 
while 18 cells are required If it io not. 


The reader Is advised not to confuao a Hie on-on rb Ida (!»1C) arresters —— for 
which the prenunt Type—94 nonlinear element way designed ——— with tho newer 
asinc-oxlde urrentoro. As of July 1977, the Latter aro nit 1.1 bo LI oved to be 
somowhat experimental, and are the nuh.lccfc of ongoing development. /.Ine-oxidc 
arrontor» ure radically different ir- that they have no rinchovor gap? the 
nonlinear element is extremely nonlinear, and La simply permanently connected 
to the ayntorn (drawing a leakage current in tho steady-stale), At present, 
tho only EMTP modeling which hay boon deni./'tied especially for ftinc-ax1.dc* 
arrestoi-s in the Type-17 EMTP source eompon<*ni. (.see Scot Lon 1.6). 


The Type-94 surge nr re;, to r component ia of course an open circuit during 
the steady-state phnaor solution for initial conditions. Then, should a 
flashcver occur at some particular tjiuo during the uLmulntlon, a iinaisage ty 
printed. "Tie following Ik an example, taken from UTl’E Test Oise //57: ’ 

ARRESTER ‘ A8?* TO * " * . FLA3H0VCK AT TIME .3275QE-02 SEC* 

Finally, when the arrester seals drain (becomes an open eJ remit once again), a 
' second message is planted, such ay; 

* A.82* TO - * CLEARED AT TIKE .27U5CE-Q2 SEC. 

PER UNIT ENERGY DISSIPATED * ,08362iF-Q2 


ARRESTER 



, r •. * • 

;>/ .!.* 


asi 

! nergy is a '- so Printed, This is in per unit, ttnd ^ 
«J *.**! *®f*W r which ha® been absorbed since the last firing. Thi s • 
2 f*» 18 J 0 **^ independent of that which comes from a H'^mch in 

column number 80 of the branch card for the arrester_for which ohvsical 

i s are used, and with the energy accumulation beginning at time aero. 

w-** h ® It™ "'** unii3 ” which 18 for arrester energy printout is 
based on the user-supplied scaling factors P v for voltaLand F< for’ 

Seen 33 " 44 °! first data card for arrester). One can convert 

between absolute energy and per unit energy using the following definition: ' 

P {absolutej «t F v ** ± *P [per Unit] '■ 

If the user specifies source amplitudes to be in volts and amn. +han '■ 

unit of absolute energy is the Joule j but i? kV Si 

ss-i “•£ 


lOZOf NO 


433 "iH 
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< __ ^ .433 _ ^ibsh * R! 

KpUJUt'—Jrxib—| 
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Etc. 
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14 
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G 1 vri ^\ 33 

\jZo-4.84-ft- j 
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ea 
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14 
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~ 25.5? 


Prom solution . to UTPF 
Test Case #57 
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1.4 SWITCH CARDS 


Carts inputted as part of this class of data input include the following: 


" Ordiriry 11 switches , for which the voltage 
drop is aero when closed , and for which 
the current is zero when open. Such 
switches bear the type code ITYPE * 0 
(columns 1-2 of data card), or possibly 
ITYPE * 76 for exceptional "STATISTICS" 
switches. 

S witched-inductance element , wherein 
a” two-section piecewise-linear Up 

saturation curve of flux vs, 
current can be represented. 
Switched-inductance elements $— 

bear type code ITYPE « 93 ; ^ 

(columns 1-2 of data card)., '■ 

See Section 1.41 ♦ 


1 

Switched-reSiatance element , 
wherein the v-i characteristic 
shown-can be represented. The 
ewitohed-resistance element 
bears type code ITXPE = 92 
(columns 1-2 of data cart). 

See Section 1.42 ♦ 



. .a 



siope* R 


TACS-controlled switch, 
wherein the switch statue 
is controlled by TALI. 

Recall that TACS is the 
EMTP "digitally-simulated, 
analog computer," as- 
fully .described in Section 
8 . The TACS-confcrolled 

switch bears type code 
ITYTE * 11, 12 or 13 (cols 1-2 
of data card). Important 
special cases Of thrs 
general component capability 
are diodes and valves (as 
used for ac/dc conversion). » 
See Sections 1*43, 1.44 and 1.45 
.for details. ", 


TACS 

I>vnfiM.tca and 
lOtflG of 
ovitch control 


i?tatV8 

ctmtti)! 


Sleotrlc netvforic 


*—}#— 




J Vfilve 


,i * 


- 
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Such datacards are collectively referred 
to as switch cards, -since in all cases 
the computer model of the element in 
question involves a "perfect" or 
ordinary" switch. Such cards follow the 
regular branch cards, and precede the 

points worth noting Ire as SSows: ® Cards * 0the * 

1- Satote Spu«°£i' e ?“ blank cart 

art " e ? essaiy for ,hen ™> switches 

network at sero time, provided th P g l 1 d curreilt aourcec to the 
throughout the study! the Sources r^ain connected * 

1,40 ^SSSjAgr switch^ 

. ss • ^r:^u:; ( :~T ic) -* 

_ : loal ” e ^ a iido. ™SSr Uea switch *•» «« 

SYSTEMATIC" switoh t * Variable - 

closing time is H* ° h th< 

y Vregularly) varied). 

’ ’ * 




Clue s 4 * 

Claes 5 * 


m 

;ss: 

TACS-controlleJ witch (Including died.., vd«., «*=•>• 


r'.| . 


flme-confrelled_'a witoh (circuit breaker poU)* ^ 1 ^ J® °** n option A 

Ibe-^tTXW - d t0 ° Pe :;Cren i "as gone through 

the opening is successful as soon as the current l g#Mca 

the opening option B the opening is 

aero (detected by a aign change in i swrrcH >- p 

' , _„ t Ji \ ^ CURRENT MARGIN or as soon as i SNVITCH 

successful as soon as I i SW iTCH’ -witch will stay 

. k After a successful opening, the switch win s *v 

his gone through aero, aixer 

open. • 


ft ■. 


■% * 




Option A 

Opening when igy^TCH ®° eS 
through aero (set CURRENT 
MARGIN - 0) 

^SWITCH 

opening signaled 
(takes effect in 
^ next step) 


Option B _ 

' T“'' Hr U... 7*- CURRENT MARGIN 

Opening when t Ig-yj-jCHI 

nr i •„ goea through aero (set 
or i SWITCH * 

CURRENT MARGIN > 0) . ■ 


I Switch 


-; X CutfcGMt MA&C1W 

. ’ - 4- i 

<\ \Nr^ |cuhftEV>T MM$lW 

\ u 


I •" » , 

opening signaled (takes 
effect in next step) 

Glass 2 L . v -Switch is open originally and .tries to 

SftS&2J5=£ Sbling is successful as soon as the aosolute 

close after t > *oM»T . 4teh is > plaSHOVER VOLTAGE. After switch 

win. of the voltage heroes the a«toh Is » FLAoHO^ ^ ^ ^ trios to ; 

has dosed, it ealte until the tloe ^eloy WJ *' J Md B above. The 
open again dth the eane current->riterl» £ of tlme 'r mw '*’l-/ 

sKi a 4TSor,r<ii 4 "re^ aft™««■—* «• (ase . . 

figure i) e ^ ow )* t • • 

• There are cases where the voltage a*rosS 
^ Loiates abound the true value. An 

.. ' ■ : 

^Kof^lSa/th. U ™»age e for . yW-, . 

-rjfrr.rs “■ “ N 


y g*P (t> 


v(l;) + y{’fc^A1s) 
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Cftb»S 
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v a>tujsY 

c Letts 


1 rdAIAlC^^. 

fvcOMlfc. 

■I ? 

ITLNMCaWfcft. 

J vocx/v.Qe 


Pig. 1, Sample illustrative operation of flaehover-oontrolled switch. 



C lneo 3 9* 

. "STATISTICS ' 1 twit,oh 


A statistical overvoltage study conniotn of "NKMHHQ" (miscellaneous data 
parameter? see Section I.Oh) separate in tonally-generated simulations, the 
peak voltages of whlon are then processed statistically> ihe data case in 
question for such a study contains one or more switches the closing times of ^ ^ 

which are random variables. Such randomly-closed switches are called "STATISTICS' 
switches, so named after the key request word "STATISTICS" which tnust be 
punched *x\ columns yj~64 of the switch card in question. "STATISTI<*>" switches 
ai'e always Initially open (in particular, they are always treated aa being open 
. for the phauor steady-state solution)? they then clone once at the appropriate 
* random tinea (aa determined by their probabilistic specifications), never to 
open again. 


* 
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varl^IcS * -aonOy 

distribution, oe Illustrated £ nlT ?f ° r a unlJ#1 » H 

generally continued bjr opprooriate o.l.o,? / W ''•leiribution type Is M 

awJte^” 0 " 8 P«*»et.r> M Seetta ?"£) 2*?* 1 * (statistic. Cl 

•wWies- .wJUf^k .Itfuf: r*“ cart) «« STiS? £ . 

or saltern distribution if ”3115?“ “ a £i^ “ " mjat " *• X>, il 

w/£ data ««. ‘ho user" & S D ?!?' r w <“• *>«> distrlVuttai 

loovss the Causslsn-diotrib-ttsd natefc,«£fL. ^ i0 *•», and 

tt.ri' *»sptlOMl Switches ^Jch ° C '‘ ie J*® 1 " «!“>! to „„ 

?&££?£ ^T°S dlst “"°~ 

by ths user on the one « ^ ^ «• -rifled 

o.AT.Uii Iu>" switch cards. 

In addition tc switch olv-iy- +u 

%%!?£',J?'? “ « ««*•. - 

parwti ?; a: * s *' 1Vcn variable " v’" /„7 r -« , ' W,UJ ‘ C ‘ " or a3i switches, 

paiaue-ter; ay i,notion 1.1&) a 0 j ^-^ictics raUcaHaacou? data 

. a PPiicd e^nily to nil "u'r-r «r.«v t ',','' L ' "' l-.i;; auied random dehay 

■ »^h«’v^r er;oc ‘ ansic ' ! » « rouov.-r‘r;^ift.r 3 ^^w:..:® ^ the 

MptArilyii*'^ u ^ !J tri.buticr. for wnich - nf , r . . , ~'“ J ' i, ‘- i ''--’-°- ri always. .tho 

, and ^IAT?H” of th« -CA;':* u? r n « ?*™**Uro »DKSfiy« , 

-action l.tai. lm e orint ,_ ^rccllancoua data care (one , 

rcicrenco aa^le for cn^^^Ati^^r^- 1 study will 

^r Xiy UCOd f0r the the cote. fi 

?! auaerical -mlue prints ou* -u- Tlata cas^. 

.%ZTl ^f ?K ” :sn<1 ”=£-WX""; o? f- d "“ 1 li» teuewhere 

_ ~ to Jrit y, the referecc. M. '.n.': . L • r ‘° '«nr piacnen "IKSr” 

SSrr* wlch is St'^n^:; 

^ any adcca xu?:do;a 


about^^ pree *!*^ dissuasion about . + ! 

about tr.e poscicle dopendenc** of +n f T xCu/ fwiterf*:- nontiened ncth^•>? 
Second switch (wi^h ^ Z . " *T e C '" 0sin ^ tJi;ao oi onf* 

* A *w ’’X «4 v/OTil .^*Ar i .-'•>*osys v-j „ ,^ . V, * A '- o*. i w. ,* Oxi v C*r H 

vitchen). Where no 


second switch (with . 4 c - 08 - ic S tiao or 

such dependence exL 5tSf ‘ .^.w U5?A ^STICS” 

paraTeters «#.•*_ n ****'-p ^r? ecnol.;•?/•,’ •_• • 


parateters affect^ ^ orr 
ior that switch. fjU g ‘ is 
usage. ^ " ' A -'' z> *& 


• ~ *’; >.} 


nnd *:hc 
who singles 


But there ^lr;c i - -i^- 

The closir.r r •.**.«. - r - *y tov dependent ^STATT^^t pen . . , 

-CO +V,.- * * r “- - s*i-CXI Inirtiud "3» swatches, 

to the su/t oi two components: 4 Can Se macle e 'iuai 


T r' 

close = close 


where: 


r jJ 

rand om 


^ A * 


<ms s t tr) 


t a . 


close = Previously-determined closin' • 

tia^of ^ther "STATISTICS" switch ' 

lav«*3 U acre as switch "A" . -Thisih * 

random variable, note nor ’ S X " 8 

-^c,. note, not a constant-. 
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*8*^ (slav af-'j 




V • 1 


'2 


o 

/> '• 


£7b~t 


J?« * 1 ' I ’ iSi ’i • , 

*V 


^random 


random time delay having mean T„ and'standai'd deviation ^ g 


1 

*,d’ 


11 li" 


/ 


- v ~ D . 

(parameters as punched on the data card for switch 
If desired* the mean T B of this component .cun be negative 

The only constraint which must be kept in mind is that tne 
resulting actual switch closing times must only very 
infrequently turn out to be less than the beginning time 
of the simulation (which is usually zero)* 

* 

But switch "A" might itself in turn depend on a third switch "Z" . The 
gMTP allows an arbitrary number of such dependencies. In terms of the above 
example, switch "B" is called a dependent (or slave) switch, while switch "A* 
is the reference (or master) switch. An arbitrary number of levels of cerviturfs 
eyre permitted. 


The identification .ar tspecification of reference switch "A" in the 
above example is actually mad® using the two 6~chnra^ter alphanumeric bus ivawes 
of the switch. The names of this reference switch "A" are to be puncr.eo using 
2A6 format in' columns 65-76 of the data card for dependent switch "B M . 

This is the way in which the IMFl? distinguishes between dependent and independent 
"STATISTICS" switches : whether or not columns 65-76 are non-blank. 



I 

A specialised data-convenience; option is provided by the "TARGET" feature. 
Any non-dependent "STATISTICS" switch can be designated as a "TARGET" switch 
by punching this key word in columns 65—70 of the switch card. Only cue ..ucn 
designation is permitted in any one data case. The effect is that all o.hci 
non-dependent "STATISTICS" switches will be internally given mean closing tines 
which are equal to the mean dosing time of the "TARGET" switch. several 
. details might be noted: 

a) Qoly convenience of data punching is involved, for the "TARGET" 
option do.e ; s not extend the modeling capability at , all, 

:b) 5f.ot.hiBg rhas been said about standard deviations S“ . It is 
Ojaiby the mean closing time *r which is affected by the use 
,of "TARGET" . • ■ 

,c) Columns 15-24 of non-"TARGET" „ non-dependent "STATISTICS" 
switch cards can be left blank (since the mean closing time will 
•ee»e ftm the "TARGET* 1 switch), : 


■I 


Random switch 


•All of the preceding text of this section applies to the random c losi ng, of 
"STATISTICS" switches. Then along came the demand for random opening late in 
#197$ (see Ref, 8, VoU U, 6 November 1979, . pages EOVN-1 to 3 ). Two key 
paragraphs frop -the mm are- reproduced here: ‘ 


Special 


J &gft ^Random # Opening 


' i'i'i.u:' • ? - s\> . 


N 


■MM 


- Ror random opening of a switch, columns 45—54- of the switch card «re to be - 
punched with the special numerical flag, "3333*" . Otherwise, data fields ar ■ 

unchang ed (ago- page* 27a end 27e of the EMIR User’s Manual) ——— except that 
"dosing" i» to be read aa "opening" wherever it is encountered. That is, the 
mesa opening time f goes in columns. 15-24, the standard deviation <S~ goes An 
-• columns 25-34, and the key-wprd "STATISTICS" must .be punched in columns 55-64-*' 
f : The.uee of "TARGET".. or dependency of switches i3 also allowed, according tq.'the.yj 
# ame rules as before* . In fact, the.user can mix random opening and random closing,-r 





27b-* 2 


• of the Feafam, 27b^2 

ss %£ti*£s \rri«* 13 to * 

prasft 

“** Mro - ««*. b. weM ,\r^\^,^ 

?St b 'SK"^°" I “ n ^ I>lS ®s^ *»£“^21f ’ wher ' ln mm ° ) 

pavw , N I RG be negative in the case Jr JL~* Zt 1 crucial as of April 1980 (" 

•,^^^ter^ersions^should^be^et^up^tha^say ^ (moeT P 

^in« the request of Section f .^12 ? TO7> ’ ° r else « «* be done nasally f. 


'; • . ■ f 

\^,li A.V- 


Class ~3h s 
"SYSTEMATtn” 


switch 


i : :«:■ ?a; 

i"' 'if;, t,; 


ISeJat 1 ^ 0118 dSta parameter : see Section *i Oh ) h consists of InMERgJ 

££!? l B i simulat io«s, the peak voltages o? w m°u ' Se ^atelnternally- 

svstemnt ^f^stically. Bach "SYsStiC" ^ fTv, he “ processed ®nd 
systematically- (regularly) varied ho* .,. ! 1C , switch has its closing time 

in steps, which are uniformly sDaced ’ c. 6 ” a glven beginning and ending time 

,.....«»* /'SrsiEimo” sWtaL Ster',he U VevTf e " a t tlCally ' TaIle ' i =»i'ch BS ie 

ust be punched in columns 55-64 of-th* LJJT** word "SYSTEMATIC" which 

bain*on*J*J T 97 ® initi ally open (in'parti cuwTih ^ question * "SYSTEMATIC" 
ZESSJS** fOX * he phaa °r steady-state s5Si™?T’ T 7 T alwa ^ s treated as 
....appropriate systematic time, never to open ^ai t 7 thfen ° ir ? se cnee at the 

S»« tst jrsp: t sr t? 

datT tlV T ■ "SISTMtTio" ■ ' 

' ■ da ta case from a "STATISTICS" data*<•*«««»• 

; as the data input begins. ata Case * 


Af e { 


j r-Wi 




f: ^ - 


*•' r [ .j' 
id-.-" 

***■- A 1 * ,Vj* 

,* : VsV'^ i. 


Se^oTSeL?L« e pot r tiaU7 ' 

v be involved ' 

hf T exaffipl ^» consider a data case which AV °/ 
bas three, independent "SYSTErkTlC" i h ' ^ 

' fben oa8 CCh think of the . - 

: b?in?fi y :f; er ^ ed energisation* as . • v 
rJctltT th ° dlCal ®*P^ o ratioh of a •■;"; 5 

tpm ot ;V ' ^ / - , re! 

? v-: 
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( 


.VvVy.V- 

... 


i 

l V 


• Deoendencv amone "SYSTEMATIC" svdtehee is permitted, and deserves an ->S.$ 
.xplaSmTS^eral concept 1. elMllar to that tor "STATISTICS" e^tchee, 
bS rtth eeveral omoial difterenoea. hot eaitoh »B" be the 4.pend.nt e»ltoh, 
and switch "A" the reference switch, as before. Then the closing time of , 
dependent switch "B" is not independently varied, but rather is offset by a 
fixed amount from the closing time of the reference switch As v 

' w® *. ^ +• • * 

; .• close close offset ' v 

Here is a constan t (it has the same value for all energizations/* 

Rather offset than a beginning (or mid) time, a step-size, and a number Of 
steps, the input time-data for a dependent "SYSTEMATIC" switch consists^ ... r; 
only, the constant offset time, which is to be punched in columns 15-24. A 
dependent "SYSTEMATIC" switch does not irrrease the dimensionality of tne 
Vector space of switch closing timeb which is to be systematically explored, 
note. The mechanism for indicating' the dependence of a SYSTEMATIC switch 
is identical to that which is used for a "STATISTICS*," jwltdhl ;t*• 

Of the referenda switch are to be punched in columns S5-76 of the card for 

the dependent switch* 

For each non-dependent "SYSTEMIC" switch card, the si 2 e of the 
time increments AT is to be punched in columns 25-34 • The number 
■ of steps NSTEP is to be punched; in columns 35-44 . The third and 
fi nal time-parameter is to be 


f§, 

*}>»/\ :.j 

t.it. • 1 

*vHi- - 
MV "*/ i 
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f ! 

i j i»;*^ \ 


, V.' 
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punched in columns 15-24 , and it 
depends on the value of "ITBST" j 
(miscellaneous data parameter of j 
Section 1.1a ) s i> , 

=£> punch the mid- ! i t 

:ITEST . J *«M /\ ■ 

1 =£> punch the beginning 
T beg ; 


T, 




4-j- 


%u 

I 


+ 


\ 


4-1-f 


T 


clete 


“V 

AT 


T a 


T* 


NSTEP « 6 




A specialized data-convenience option is provided by the "TARGET" feature.' 

Any non-dependent "SYSTEMATIC" switch can be designated- as a "TARGET switch 

■ py punching this key word in columns 65—70 of the switch card. Only one 
:V;' * • such designation is permitted in any one data case. The effect is that all 

‘ othei? non-dependent "SYSTEMATIC" switches will be internally given mid-times 
or beginning times which are equal to that, of the "TARGET" switch. * Several ’ 


•'^••'•^{'•.^..details might'be noted? 


’ A *1* 






*"/ ‘ •; • , 
Uy V*- 1 
. *‘S“ ■ ' ,!) '■ 

' ; iy-*-* 




i J’" v-'Vt'.- - 


a) 

b) 

<s) 


"TARGET" 


Only convenience of data punching is involved, - for the 
option does not extend the modeling capability at all. 

Nothing has been said about the tim$ increment AT and the . . 
number of steps NSTEP « .It,is only the raid-time or the . 
beginning time which is affected by the use of "TARGET" . 

Columns 15-24 ‘of npn-"TARGET" non-dependent "SYSTEMATIC" 
(switch cards can be left blank (since the beginning or mid-tim 
will come from the . "TARGET" switch). 
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’ "V 


■ ‘i 
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r I*!#.? 
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-'r h* ' 


Ac; 


a. * 
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Cl0 ”' 4 fl » «u 

5-xrE?^ 

^ “ os «^«rsL- SSfr^^ &*; s* ■ 

*• *•■ * 

“ ,h * dau ««b. i,?r^r °“ twt put ’ ,<> “ 8 »*<* 


*v 


vs 


. .« 1 -— 

** 5: Cb 8 (a Sc h ^ 5-“ s — 

”STA!P 1ST ICS *°a wi t ch ~hat^th C ° a * 1Ty?E * 76 , tola ia *, 
distribution* to a n^i tfae J USer "*nts to follow a ,i?/ 0r 4 

u sasSr- 

* s ^~2HS"' 1 W'iss; ztajij. 

2) A node which ia not a • i 
■ S0Ur °' 0r 

&B5S«> Ms o a ^B. lteh rMtrlctlon . . . . 

masoning, but rather lias been by “i«w®rtioal 

the computer prognumin* ‘ -jy, ’ 30 aa to simplify ’ 

. •• ;•. the user can toae •* -Z'f,* To satisfy this rest-H^ZT 7 

S ftrnt ® switches - * V<jvy J*?l St&ncss or inductances to 
numeracy probloaa Cjm ^ ’ 

ccrre^^,^ w *. ^ ^asonable 
**u5...:a,«j wo about 10 m 


{ _ 

j-’ * 
I .. 



(y~ 


r-h 



3) No switch is permitted between two voltage sources, or between one 
voltage source and ground. Such a condition is absurd, of course, 
leading to a contradiction. 3he program will flag such a situation 
with an error message. 

• ( '< • » 

• ; 4) If a switch connects a voltage source to a current source, then the - 
: current source is ignored whenever the switch is closed. 

S * 

. 5) Floating-point parameters and special reqvsst word which are to be 
punched on an "ordinary” switch card are dependent upon switch Class, 

. .. as per the previously-displayed tables. 




6.) If transients start from a non-zero ac steady-state condition, make 
. ■^CLOS’jS*'^ ^ or ' fc I Bie--co b' t rolled switches which are closed in the ac 

steady-state condition. Flashoyer-controlled switches will always 

be open in the ac steady-state; if the user punches 0 on 

these switoh types, the program will change it to T » 0 with the 
' message "T^gE CHANGED TOO." 

For a "STATISTICS" switch, it is the mean closing time ¥ , the 
expected value or mathematical expectation of the random closing time 
T cloae * * * E "C^close $ » which is inputted by the user * Not 

0R Iy bad this mean better be positive, but the particular switch closing 
generated from the specified distribution had better almost always 
be positive also. 3his is because negative time in an EMTP simulation 
corresponds to the sinusoidal steady—state solution, into which we - are 
,• powerless to inject^switching-events. To avoid such trouble, the simple 

requirement that T -,A* be positive is made upon data input, wh re 
.. "A” is a constant which depends upon distribution type: 

. . f* SIGMX if. Gaussian (normal) distribution. 

./ ' A * I See s ec tion 1.1 definition (user- 

J supplied parameter which is defaulted 

A to 4.0 if left blank). 

V {T* if uniform" distribution : 

A fatal SMTP error termination is the" result, if this check is’ not 
satisfied for all "STATISTIC" 1 switches. For a Gaussian distribution, • 
this check.ensures that any }articular switch closing time turning out • 
negative hap probability which is less than 0.005% ; for a uniform 
distribution, this guarantees that all switch closing times will always 

• , be positive (see Fig. 2).. For dependent switches in which Gaussian and 
uniform distribution offsets are mixed, .the "SIG1VIAX" value is • 
applicable to the Gaussian components and the square root of three is . 
used on all uniform components. 
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7) For either a 
request, .yford 


"STATISTICS” 
"STATISTICS*' 


■ t-‘. ' 






ora "SYSTEMATIC” switch 0 +h« 1 '.! ! 

«.id r t ifSATffS. . T: 

and bejin in column number 55 * if su ° h request .words correctly, r 
. , rather than the desired Class-3a or ClLss-Jb^sMtcr^ 011 W * U result ' ; 

9) If a switch is ( chosen to bet.the "TAT?rwi»i , ! 

or a "SYSTE'IATIC" data case then tM* 1 , switch °* either a "STATISTICS’!.: 

■ ' Punched in columns 6 5 -70 of’tS Jf 1 ? *° rd TARGEr " must be |P, 

°*-* 6lVett data case might be so pun-hed 4 ° nly one ewitch °ard . !■ ■ 

switch, by definition). i pUn ,hd ' there is at most one "TARGET" l 

- ■ . ■ j • t 

. ^ A dependent "STATISTICS” or "Sy^tv'iU'T'Tpm ♦ 

teminal node names of the reference ^J+°u ls to have the I? • 

the format is 2A6 . ? ce swl ' fcG h punched in columns 65-7f, , b 

• 1 P ’ 

< i’ ■ • f”t- 

ae^follows^ 0 ” 8 f ° r print±n « «nd/or plotting are punched in column 80, \' J 

"2" S is a request tol ZiTt Cu 1 r f 6at cu “PUt{ . , .• 1 

"3" punch is a request f ow 0utput >‘ S' 

’4" punch la a request for switch cow CUI T en f an . J ‘ voltage outputl - 

t ror switch power an4 iiePW0 t, flO w f OM W 

Section 1.8 


Warning 


, , * 'v'ir, t' 

5aiS S o«dnlL f ^,f, n2 !!? t * lnus ' llto i steady-state 
B«toh current vUue ^ bl ortweT 8 "l ,10n4et0 > thla 

as zero at time zero. However P 10 * 6 ^ incorrectly 

itself is always correct hlinl the ® ubs equent simulation 
output difficulty, to euclT^^ f 5! Ct * d by thia ia °lated 
value for e-itch current f 6 ’ th ® extraaeou s zero output 

by the user. attlme zero ah °uld simply be ignored 


r 



♦ fa v 
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Th column poeitlonr; and mode in which the various switch parameters 
for an "ordinary" switch are to be punched are indicated by the following 
formats 


233 


IccccccsccrggEDCEgEggpr'PPf?- 



W! 

Bf.i :■ 

h : 


. LTi 




As verbal explanation of theses / 

1# breaker pole "EUS-1" to "BUS-2" closes at t * 0 and opens after t ^ 0.00IS 

as soon as current goes through 0. 

breaker pole "BUS-3" to "BUS-4" clones'at t £ 0.0005s and opens after 

t t» 0.002s as st n as absolute value of switch current • 

is <0.00 J AMPS t r goes through zero. 

< 3 . 6 a P "GAP-1" to "OAP-2" closes whenever voltage across switch becomes 
* 1 000 000 VOLTS and opens as soon as absolute value 
of switch current becomes<0.1 AliPS or goes through zero. 

"STATISTICS" switch connecting node “JDAYGA" with node "JPAYA " has 
mean closing time of 2.0 msec a^d associated standard deviation of 
r ' 0.4 msec • Assuming that statistics miscellaneous data parameter "IBI3T" 

is zero, the probabilistic distribution will be Oauosian (normal). This 

assumes that there is xxa "TARGET" “STATISTICS" switch in tne data case. 


















i.. *■**£?-' 




5* Non-dependent "S¥S«£*T*C" switch that connects node "AS with 

node • "A5ff * . The *U-eIoelng-ti®e is 3.0 msec v assuming 

-?» ?.ero that tne data «a«e in question hea no W TAHGK«"' *».. 

-tS 0. SV?‘V; 


“XTSJ3T” 




in*-: 


LV** 


* '2 ‘Se 


i* to fee varied in steps of «j 


^ 9wl1: ^ connecting node . *BS ’ « with node > jv.v- ” la 

‘'• "STATISTICS" sSit^/of 5* J*Jl °*** 2? f»*W«v All non-dependent 
. STATISTICS^ switches of the data caee will h*,e the same mean closing time 

ic 4 *° ms f® * w iaaw is> th * Anfomation which is punched in columns 
15-24 of all other non-dependent "STATISTICS" switches is over-ridden by 
■ • v f U8 for the present "TARGET” switch. The etar,dard d^iSion of 
the closing time for this "TARGET” switch is 0.5 msec . 

7. "SYSTEMATIC” switch connecting node * ”CS ” with node ”CSW * is 

the TARGET" switch for the data case. All ndfi-deoendent "SYSTEMATIC" 

^S^« 8 f !** \ at6 ca f! have 38018 old-cloning time of • 2,0 msec (if . 
" is zero )? °** th « same beginning oloeing time of 2.0 msec (if 

"ITEST” is unity). The information of columns^ 15-24 on all other 

’ "TAEoir^ ^itoh lfrf?th°t SWl f C ? CardS U ov t r “ ridd9n by th ® val - e on «» 

• n ° w b ! ing ^scussed). The closing time of this 

switch is to be varied through 8 steps? . the step-size is 0.1 msec . 

8. The switch connecting node . ”DS » with node "DSW » <* a ‘A an *r,A*»+ 

■ "snvTc'nT^n „ , . ' _. . "*“* x»w is a dependent 

J+h S eJ? tC S* It8 r erenCe , 8Wii!ch 18 th * one connecting node '<AS 

mu*t wa h«-i SW - i- ’ , . Not8 that (° r remember that) the reference switch 
, The Cl08ln « tiae of the **•"** switch 

X a S m that ° f itS ref8rence by a random delay time which has a mean 

of 6.0 msec and a standard deviation of 0.2 msec ; 

J ‘ “° a ! "? " ** «*• ,,Esff " 1® a dependent 

SYSTEMATIC switen. +t» reference., switch Is the one which connects node 

/. ±) , n °f 6 . *?JJ ; • The Oloeing time of the present switch 

is ^delayed) from that of its reference by a constant offset time of 

-5.0 msec , That is, the present switch will always close 5.0 msec 
before closure of the reference switch* 
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REMARKS ON OPENING ACTION 


«toe hUr 


...x . * Tbe oircult on the left is used to indicate 

. O.iiil O!W7!J> (§) difficulties which can result during; the 

j——W’ v - opening of a switch in a physically improper 

* | c\HCvte ^ model: Assume that both switches I and II 

K?)V-'sihuct (Cstf'ttsA -j- are clo3fi< ? f* v * Then a transient 

Sp TitOC^'u^ cu rrent d(t) will charge the capacitor. • 

' Switch II shall open as soon as i(t) is 

■ . 1 V ~ '* approximately zero. In the time step in 

which the opening is signaled (i switch 

changing sign in option A, |i 8witch | < CURRENT MARGIN or i SWITGH changing sign 

indu'ctanL B r ’ t jj re ^Tl still .be a residual current through the 

inductance L. The next time step will find, switch II open with no path left 
ssipa e he rest energy j[ ^ As a result, the computer* cannot find 

•the correct voltage Vg(t) anymore (see left figure below). It should be noted 

of the computer is a consequence of improper modeling. 

By putting a very small fraction of the capacitance over onto the left side 

sw * tch ’ a P ath * 3 Provided for dissipating the rest energy, and a 
solution becomes possible again (see right figure below). 


IMPROPER MODEL 

Maid wtm »iicK 


0.8 mH 



"US 


ggMU 

^3865^ 

■*T 

r SWITCH OPENS WHEN I 


• -- CORRECT MODEL 

— 9Mio«k.«ircuiT urrw autro* 

. WLWCO f| ML YZ 



O.ien 0;8mW 


V, 100/4 F 

V* 


v fO for f <0 { 

v, Vn wt fy lid 
SWITCH OPENS WHEN 1*0 
•’ * 


;with CURRENT MARGIN - 0 f * the switch will open as soon as ig^ changes'its 

«}SVv, anCe - the : alU ! 0f the current *'&* Se larger in the step where the 
*1 notlced 18 c °»P*red with fche value in the preceding step, it 
is advisable to use a non-zero current margin.- See figures below. 


•v : CujrewL 


/ / iSCT?/.'/ •/, K 

• • r N . TT^ 1 *-— *-r* t; >Ct,u\n.tK.t 

—1'__1 }' 

Sawfe-cci^e, vwIUa , 


- OJ 






— later ^"si Kht (circa lay. ' 


L/ dW i i cK 

.* — _ . 

+ V t - + TT Su ~ 


The soove comments are true: nonwm -^+«u u 

• opening will cause trouble. But the uroblSf^ ^^ 1 '^"^ at ths ir *stant of •' 

will in fact be voltage o^-cill i+i rm ^ ., fl ^ ar ®°fe fundamental. There 

exactly at a 'curr^^r^^^biri^ ^ «*** <"«** occurs ” 
-. of integration which is being n .*4 ae .vl 1° the tra P e zOidal rule . 

November 12 , 1975 , fvl a? 33 e xplainad 1x1 Reference 8 , Yol* IV 

voltage owillatLi .tat*. logic, there «U «i W3 be a’ 

Decreasing "DELTAT" eo as to d^c-easath? « ha J gia « il ^uctor is interrupted, 
this problem. a.cease the "rest energy" will not solve 




s= 


~<*t) 4- JL 


VuCWt) + Uqt) \ 


) At 


H-At 




= O 


^t(t) ~ -^(t-At)j ( 2 ) 


^Exsct ivr«nt~\ 
retain) 

lor time.* 
decision to i 
\pj>Xo 18 m8(ig./ 


t-At 


f fSHbt nit^onT 

solvtio*! wrti) 

| Switch open 
1 \% mit, hw, 


ti/n'e 

. »» 

dxu 


UnstTnt cT> 
ISwitcK j 



Pig. 6 . Assumed switch opening 
schedule. 


7• Inductor voltage vr for 
Pigs. 3 and 6 . ^ 


• 0^ DELAY m rIOSWG ACTION OF SWITCH tor 

Accept for a complication to .be 
explained shortly, switch closing 

„ occurs as one would expect. 

-■hen the program prints a message that * 
a switch is dosed after T seconds 
Uee -ig. 1 ;, it means that the closing 
occurs precisely at time t = T . For 
most cases, then, this is simple. 


switch 

open 


switch 

closed 


But a 1 -step delay may actually ' T ’ 1,1016 

'■ °ccur 'in certain cases. A switch . 

■ closing represents a change in the ' p Hn< , _ 

■ n etwor4ci certain conditions (voltages A • g * 1 * 010sin S of switch >at time' 

•for example) immediately following the * instant t * T . 

• ilSt? be 9U !? e diff «ent than those ' 

i;: quStion, ^d W h^ce C Sps1w^ ** 

' ***** b e performed at time instant t T l! 2!f fJ ashovers ™*ch should also 

■■ -Perform such extra solutions ± n the en*vm ^ *^~ Program doe s not p resently 

'foh^v e^u st i-closed switch v^ill ^T~ — "to * ^^tioa of node voltages 
V.T +nt, thereby introducing a delay of 4,*’.*“ Part ° £ thG networlc solution at time 





Bxample 


L 


28 c 


For the circuit of Pig. 2, with 
both the switch arid type-99 (p8*u<?vj 
nonlinear element open, no curr<-- , .t 
flows. Hence source voltage v g (t) 

. all appears aeron the switch, wh'cb 
will close when exceeds flver 

value . At that instant the 

t lasn 

type-99 element should flashover too, 

assuming vg aeh < . 3ut 

. with present program logic, one tine 
step would separate thevie two events. 



"PAST BETER 11 


option for switch 


Pig. 2. Example illustrating delay - 


A partial solution to the above problem, to be used only with extrene 
care, is provided by the PAdf I-2JTSR feature, punching these 10 characters 
in columns 55-64 of the switch card for a flashover switch, the following 
special action will occur: 


Action 1: Upon closure of 3uch a switch, the none voltage of node 737C2 
(data card fraid of columns 9-14) is set equal to the present 
value which exists for BU31 (data car'd field Of columns 3-8)- 




• ! jwlaasiT 


pytftr Eurcit 


Action 2: This modified node voltage is 
then used in checking the 
status of all type-99 pseudo- 
nonlinear elements. It is 
also used for checking other 
flashover switches —— 
provided (if and 'only if) 
such other switches were 
inputted after the original 
switch which has closed. 

By "after," we are talking 
about order of data input. ' 


♦ 




(a) Before closure 



t * T+ 



After ‘closure 


Fig. 3 


Illustration of voltage 
transfer due to PART 2t: TER 
feature of flashover switch 
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7A 7C s ELS^r^Y? 


■ 2 sSsa ^-£SS£nt: The Type -93 c^iffin^-ww**,,* 

nertion war jemc®**! N*« : ‘^' > ^ C0 ’‘ i?;: '' ?nt Of this 
pp«*udo-Rr,_i n q Hr *r r ".y '■VVe-iS 

AX’•.hour.; the w! a< “' tior ' ■-?? . 

- .Pseuc.o-nonl lnif<ir b 7 ; Re / , 

?r ? 3 K ZZT r :„ r£f. 

P-...r.._, WUl the Iy , e _- *^^’ r ">‘ 

-C?'S is~r^cr=■■’:•-r. T ~ a r - '7~~--.- -.__ 

c -'-w«ion o7 ve S! il^c.* ith l. * r .d'i ": M ] rn 

- r-ric- ft-r ‘ UMC;iS ’ viih thn ? n a special 

c-vrru*.,-; %! *.»»•*"• CTV* 4 “ r l<7* e URS * Erased r«Pion. Jhe’^v't'T C * os ? d in 

-•*?«».ere, it ;i au:o-0*t ot * «.i., ,.,‘V 5 ' " tR "*-> * y always 

. «aen - H at « , Lr \<" ^ P^%un. 

_V * ijCfi closing'. 

% 


A ■V.CjiC, - I., 


VV^’* 11 


l-vt 

node 

c ~ : v 


■^cca^. 

V 




--: & L. t; , 

*0 «?S5S V^-H, ivAes^^AeJc’ 

ft ' ^tAVvcsa , 

’) Punch -■* j - - - 

♦ -■ -*r f 4 Q ^ ^ ^ 4 

2,‘ Specify 2 ncjo- •-,, "‘‘ S SW * w °k type-code "ITY?p» 

^aia i 3 t>j e *^ r '7 * Ono "ihe nodes aay be err 

„ .. . -n-ornation of coivomo 3-10 ^“ 

v ;i: 3 thc ‘*^? ! ' aod. '*v. e ; ’ flelas " B ®r and -» 

x i ! "«®i» : M °o«£,»£>,»**>*» 

* “ * r,er - 'sere ,~ust be^o ,u° ei not kave a rolt^-''^’ 0 f,i>2 ec <u±vaient 

*• •' tea 1 

«) •««,«,. hBS> 

— dMa 

... ^ *■“ on -oe card: 

Sr f“ ^*‘ ea iiSuQ2 f'i y ■■•*•, 

«“ to th » iMuotor at tl a,. > 

tions ^«“n°tM» Some of 
lB , . 23 1 ■ - Vol - nn ’ 

I . * J 0C ^'"lUoaoua Oata L “ 

Zrzt r- ^ o ltM - ,o Sectlon ’- oh } - 

furthar o4'!i-°i? e “ U3 fl “*. not n*° r *"*«•)• 

f t\ h a7o*t,‘- 



i y $. 


f i f , t i 

. ,5/ If tlw tratiilauti t&Stt stsx*it from ft bob*mw m stndy»8titi condition, . 
thert l (unsaturatedregion) will be used in the ac steady-state solution. 
Bie Initial flux ^(0) ie automatically act ami Hated in the output. If 
• »yWM > VN5$» then the foiling neseage lo printed bslow* the output fory(Cj* 

. ■ • , "****ashisq. xsm&non jbai ag stunt stxt s bis itjxoamsvtal pbbqoeict omit 

IS QBESTIOMJBX 1 tm. PBSCJSD2MO TUS1 OOTSIDB UTOAH HBOIOfl." 

* ..... 

6} If a case has switched inductances as well as switched resistances, ' 

.♦ then the switched inductances must come after the switched resistances 
. in the data deck. Otherwise execution is stopped with an error message 
'las per Section 2.4 ). 


7) if the switchad-inductance element is not, excited during the steady- 
state phaeor solution for initial conditions* then the user nay want 
to specify residual flux. This is to be punched in *the data field of 
columns 15-24 . But what about polarity? By definition, this is 

-oo 

where la the branch voltage drop from "BUSI" to "B032 M 

(using notation k^~BUS1 , mw^B0S2 , y « y _ T ) 

k« km'* 




e) 


* 

Output options for printing and/or plotting are punched In column 80.' 
W follow*9 p 


”1” punch is « 
M 2 W punch is a 
M 3" punch in a 
w 4* punch is a 


request for switch current output» , 

request for switch voltage output I 
request fo? both switch current and voltage output! 
request for, switch power and energy flow vase 

Section 1,8 for details), . /> 1 




b) Kimt! 
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7 7 T" V s 7 

R^cnJ ua i 
ilv)% tyV* 

-* * j.. . .4 . > , 

U, im, 

W“. AV\ >5V, 

Ml vmvwVV 

( • i 

* ' 

8U51 

--n,-■--- 

msz 

i ..L. 



BV«.l "" 

n; red 
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. i . f J . 1 . .4, ..b. .1 

... 

LLL.J....J.« f ; 

. ..fe *Ov<o 

f .i. i L . . ... 





c s ftgrpRSSBNTATIOK OP MORE THAN 2 SLOPES 


/- . 1 

'? SV-' 
r\_ 

C,. 

si* 

i i A. 



Characteristics with more than 2 slopes can be 
simulated by connecting 2 or more switched 
inductances in parallel* provided that Rule 
3 is not violated and that the total number 
oZ switches does not exceed ita limit (List number 
6 of variable-dimensioning! cen be changed at willj 
Rule 3 does not pose any problem for 

switched inductances to ground if the second 
node name is "blank" (for ground), because 
ground may have any numoer of switches connected 
to it. If both nodes have unknown voltages, then 
only 2 switched inductances can be connected in 


fc-" 


—----- . 

parallel, but only if the pair of node names is reversed on the second card 

BUS A (unknown voltage) BU3A (unknown volt age) 







TrfrTTTTTTTFr r rr rT t vrrmn 


Any number permitted in parallel 
without violating Rule 3 
if second node name is " . " 

for ground 




y. 




BUSB (unknown voltage) 


Only two permitted in parallel without 
violating Rule 3 ; the paire of 

bus names must be in reverse order, note 


formulas for computing 1, and I* 9 (N switched inductances in parallel to 

_ -r « * 



L__L_1 

U 


1st card 



J- . JL - d.. . J. 

L* L, 


2nd card 



JL. .J-L- + -L 

Uoo *-c W 


3rd card 

• 

* 

• 


, V t . 

Jl. .i- ♦ .L 

Lkk) U. t, < 

* ^ 

A t't 

N-th card 

« 

< 

! 1 

Uw Mi M 

% 


•rf- 








T.42 SWrPCITSD-HBSISTAIfOB JS2 KSM (Type 92) 

Oeaeral conga ^t; The ?ype-S? switched-reel stance element 

existed before the Type-99 pseudo-nonlinear 
resistive element of Seetlon 1,26 , 

Although the former has been retained in the 
SNTP, the Type-99 pseudo-nonlinear branch 
ie used almost exclusively now at BPA, 

For historical perspective, sss Reference 8, 
Yoi, 2, October tjth, October 30th, and 
November 30t.h, 1973. 



Used to simulate a nonlinear resistance v g 

or a lightning arrester with a characteristic 

of two elopes - — one infinite and one finite 

—— as shown at the right. After each 

clearing (current passing through aero), there 

is printout of the energy which has been 

absorbed (see Section 2.2e description), 

X 

Nonlinear resistance : Use V« R ,* 0. More 

slopes are possible by connectTfignormal and/or 

switched resistances in parallel. So difficulty MHOhS 

arises from such parallel connections, 

provided the second node name "BU32" is ^ 

blank (for ground). See Rule 3 below. 1 




2ndUhh€ 


, Lightning arrester; R is infinite until \v)> * 

thereafter, R is the value specified by the nonlinear " s ,v 

characteristic. The lightn;\ig arrester will clear (R will 
become infinite) as ebon as the current goes through zoro. 

After the lightning arrester has cleared, breakdown will again 
occur as soon as \r\ > V with subsequent clearing, etc 

5£w8^*“ ;V UiXWAj««*« ;» 


closet m soon as 


>0WN 9 cjieeixungt « 



a) RULES 

t) Punch (921 in columns 1-2 » This Is the switch 
type-code "ITYPE" . * 


2) Specify the two terminal nod<»s by name. One of the nodes may 
be ground (blank name field). Thia la the 2A6 information 
of columns 3-14, fields "BUS 1". and "BOB2" . 

• •’ »' • ' • . . 

V- ; 3) It la the "BUS2" node (the second node of the pair) which has the V * ' 

switch conn cted t it) the "BUB1" node does not (••• ths q«d. valent 
, . circuit abov ). If "BUS2" does not have-a voltage sourc connected : \ 

X -.• to it, then there must be no oth r switch conn cted to "BUS2" (see 
V.;;'. il". ,. Preceding Rule 2 for Ordinary Switches, Page 27b-4 ). 

/. * *• / *1 . - • * * # ** w 4 \ 1 , f * r , ** •>' \ * 

t 1 r - ^ • . , . J . . 1 • ' • * ‘ ** ' ^ * J *' 1 r’ ' * . ' V % 






30 h 


U) Specify'; 


SB3xsr.N(jr 

** tne slope *■/&. ? U define 

» "«r-«,ro. 

' -i£ lr 

'•■'’>**.«' .:-.. ;i t,s nn /7A*'"T* ^nictance changes 

"«*« »«• ;^r--.;'>n, : *'* A’ ,rUte v *£ue. y S 
near- V1 ;*.^ t-v>« t though a SBAXr- 

pt* mj. t - v? 


KDCWJf • 



~ Tor py».? r -„? , . 

^ i^aJKtown 

,a • l,la 'flRESKDa*. 

conditim^twV “ w ««■'*» rrtjrj , .,,,„ . ■ 

aolution/ ‘ ' n ' X be used lr tC*-c° ? C 3tea< ^-?tate 

.. ; ‘ c s *®fidy-»3tate 

6; If a cas?« + u „. 

wiian the - -*■ •*.*.>v<vncep as v<* n ? ~ » 

i"d.u*tS "££"?- *« s : S 9 T;,'S' ,i /‘? ducten ««. 

MM«g» ( M «<«8lSri7 ,7=n^; !? ‘WIUOUBOM 

; > **® r -ecUtaj 2,i ). >‘Opp«J with an error 

^ Cutput options for br-'n-M 

a*, follows.* V-atin^ aa^or olot+ . 

*1" pun- s„ • * 8 Punched in coiumn ^ 

"2’' qu"A* T* n ^flucat for 'i*i*~b 

•y. £t; c ~ f 3 a wquwt ?or **«■«« o«t pu t ? • . 

s a raqUeat fo-** '***+*1 w i»ch current and vol +■*. 

: .-. f r - tteh power and eoerJv Jf 1 output* 

, . Section 1 a ““^ euerey iiow ( 8 

. ' lDn **& tor details). 

7 Q ) For a Uf-htr-t., 

. . ' SyiOfCK ’ms • %o*nKfr Xh * Stance c-' ^ K 

p-rC^vt^d. ^y. CLCbJij) •*• ** ? oririt^d as 

w Se ‘ - 

Jj\ Tovl^at 



u 


t 

if 


y* 
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FOR MOPE AND VALVE APPLICrtTTOW 

Os«d to simulate a switch which, while following the Simla 
opening/closing rules of a st««-<iard diode, may simultaneously be 
controlled by any given TACS variable used as: 7 

- a grid firing signal \\ f 

- or an overriding OPEN/CLOSE signal . 

This type-11 switch may thus represent any oi the following: 


wees. 


t*"- A 

Nt»-ns. 


1<* 

west 


wy . m i X J - . . ■ »tdooc»v. 

i 

tNiS - Covnttt»uv.«.> 

OPtbMV)d 


bane. 


•**W 


°i any of th08 * chrae in which casa either 

or both grid signal and overriding signal can simultaneously be 

ACCIV 61 


H. •) > 

• / 1. 


Besides the four alphanumeric node- and variable-names ( used to • 
f® Jjj® lst-NODE, 2nd-N0DB, and possibly — but not nocftsaarlly — 

GRID signal and OPEN/CLOSE” signal ) , three additional parameters 
may be defined: 

. - the minimum ignition voltage (V^), defaulted to 0.0 

- the minimum holding current <* H0LD )» defaulted to 0.0 

- the de-ionization time < tp EWN >, defaulted to 0.0 . 


RULES 


X) Punch {11] in columns 1-2 * * 

2) Specify the two terminal nodes by names (fields BUS1 end BUS2 

f 2. * ***** °* *he nodes maybe ground, indicated by 

a blank field. The direction of the current is taken to be . /■> 

* from "BtTSI M to "BUS2" . T > othtr words, we have* 

anode-alweye *!»$,« *1 ' ’ . 


~', for vmlvea 

cathode —— always H BtJ52'* J or diodes * 

3) Remember that any node of unknown voltage can have at met one switch 
connected to it In this respect, the'type-11 switch .(diode, valve, 
etc.) ie no different than any other switch. f 


i ,* . > v ^ 'J, • 

'' /. \'>i ' 

,, /, v# * v , J ; 

,4‘it . • i »i ■■ ■* 

* - .‘.v-.,-,. ,/Vf 
«.*? . *k*!” *' M 




•i ■ ;v- 'V 

& .:vv; 




3oa 


TAC? g -id signal and 0P5N/CL0SE signal 

O specified, then the switch is a diode; 

* : f.: 2 : 0 ff ar . ts conduct: ’ , i K when the forward voltage across 

>*—* *'V _occoses greater than the minimum ignition 

* v?+zrz-v (decaulf'jd tc zero) 

f S S °° n as the forward current 
V /'“t*" ~ nari i-i.e minimum holding current I 
*• .-s ceraultad to 2ero ) HOLD 

^r‘AA-;;:AfS; £ 

) > then the switch i$ a valve 

-- ! f0U0W the OI>enln 8 a " d rule, of the diode 

■ ^7ru\ztn ian) " iu 

^tn.zn zero; ® ricl signal becomes 

■ '■‘-■•-•ins the ?*evi^s 7 00MinJ 1 "in' , whirt ^ d< ‘' i ° nIitatlo '> 

ss r .“£* .sr~ ta 

DSION is d «faulted.to zero.) 8 

w *-:;-- CS2 s ~?ael < s specified t *A 

A;.::VDDDf la °r* m co 1uto n-7«T“S! ° y t cha alp -' 

, or tne va ive are overriden ’ th n the operating 
* - - _r.. tnan zero; idtn as So °n as this signal 

— " O SWitch wi ll immediateiv „i 

. * Positive signal is active^ 1036 and Stay clos « d 

.. ’ . ’ Cie switch will 

■. ■ 4’ ,.;) e •***. “Mti'i 7 open md »“v °p«n 

VJM:£ ** »«•**'“ “ le * re 8ular diode or wive 

* . ^ * 

*P«ified es eloeed duri„. 

1 lf the ^ ^ 08 ^=rd lculatad 

4“ d =^?he™^ t ;! ;a "?v^rd a "^ E ^ uaa 5' «V use the optiori 

:;a: « w Md w --to • 
r! ™ baarlnstha dafl °“^ 

optl^r^-f f a occurrence of ell '■ 

• diasnos lc I™'*- » ? Punehing^a "l" " 

'•«’« for 5cl „„ ■ - Mank or z erof) 

Punch ":■• , * a “ d/!or Plotting. •' 

■ 4-. ia c °luan 80 to . , 

" "l" " * eC ^ Bd,:cl > current • . ‘ . ' ■ 

■' I" „ " «. fltohvnltege . 

<» „ ^oth current and 

power and l° lta Z*> • 

■<*•« ■••■. ■ 


:.ic .* a c? a^e 
sc smaller 


Dip 






b) FORMAT 


Nows. 


««l is us ii aus^i 


< iO. o 


c) Sample" 


> *•■ .••’5^ \*s f* ••■ y »•» ^ *• •*, t 


M *» <**■• l' , j *|V w >« 


tiU ; j... .......... 

Ilu^jT,. . AV^AT.. 

ViNcfbfe.i...MOTi.^'s,...:. 
IIUmJ. . \ ..;,.!. 




* » *• . '-*;i**,4*. **• ’*•'»* v*'.. »*£" f \Z'J J* -J 3? -hV r>J * * '•» ■ O' *** 

«£*?•*: ujz\ X .1-. „ x aV ,Ar. ;.; i i. £r x jr , u*- vi a 

. . f.tovss., < . . ...: .. .. 

; »...-.| .>..!. |...: . j..I..i..;..; ' . . .. 


.i. 


: • . . .. 
..:: . i.. . ,oto«.R 

OE,VKY T«*V<w 


1. Diode from '12* to ? E2’, cond-ictip;.; in steady-state. 

2. Valve from ’LEFT’ to ’RICH'.:” , with 'FIK22' a* grid signal from 
TACS . Every choree of statu::- will he echoed ir. the printout. 

3. TACS-controlled switch from 'NOjSI' to' ’NODES*, operating as a 
diode when ? ORDER’ has the value " 0.0 M . 

4. Valve from ’16’ to ’R6', with grid signal ’DELAY' , with its 
operation overriden by the TACS-variable ’TRIG’ curing the periods 
in which the value of 'TRIG' is different than zero. 
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l-H PAU^CcsTBOtlE,, 1.,'XTCK »■ » r 

' **' . . ‘ * *■**” 

■ FCit ;>? ARK r ',ul' -, - 

LA"j>. « £4 A~ _ A .Pi; r JCAXION 


Cned to simulate a 9tMr w 
by a TAGS v„ r L ■ • ,par * 


L«i bie. 
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\if open 


undefined —'-.maintain open 


"SPARK" sig nal 
OPEN 
-5* maintain open 

* "wintaiR closed 

* CLOSE 


defined 


i 

1<,I hold 


f if open _ 
\if closed 



mnintain o»« n 
— depends oh'current 


'if 

{if 


' !V icn 


' m *intair, closed 
OPEN 


v '- v i 8 » 
maintain closed 


maintai 

CLOSE 


/« 

a* 





) 


H j j H M | : I Vv '•* 



~"d j °rV? ■ | 

i vraf 


iYiiaoi 


II+/U 

ll£ll 


( 3 *L uoxqoaej aas) 

Aio^j xSaaua pun otomocI qoqx.MS 
aiteqxoA puu qt;aa.ino qqoq 
cSg^Xoa ur>qx«c 
quooarw qoqx.ns qa 3 04 0 g uamxoo ut “j," qomy 

:S«Tq;ord ao/put? Suxqutjd aaj eu^taJo pnaqno (Z 

* •' ; -.-re-, , Jt . . ,.4",°'!°" J ° ; ll? '* c - JT otr^ou^y.p qoru Otf) 

pue Satuouo ru I0 9^ J ‘ q !PVpHS ^ J° saox^aado 3 utso X o 

.uouo jo eouoaanooo „qq jo oqcxv paquxad « ux^qc, Jtm aeen oqj; (9 

nGSSCnOi, pJo«jCa>5 0U4 saqound art an auq jx ‘aoxaezxTPtaxuT^ - UT 

poqexnoxvo-woaioad eqq 2uxarta pasora w ! » •*»*—*p*- 4 » 

0 0 °f fj3 ^T ri1 '..i ••? uuutiXoo : qusaano 3 uxproq wwrupH 

0*0 04 p*qpi»j»p * Vc'-bL euamxoo :«8*q T OA tioxqxaiix uituutuxk (t, 

M * T * S 3U ° ^ S0Ui ' 4B &AW < Uo ° <&*noA ukouv; jo apou Xub*^ M qw6Baa (f 
nniosqp aqa OAjrasqo 

«*•«*- °* ««P* BIWM4T10 «* W JO uono^TP 4 r -pro" fjuv °0 

-Cq pm^oxpux ‘punouS sq oapou aqq 10 aun *7 *i *f'-tiuir-~nn 

*° ZSflS tuns »PI«TJ) »»wu A - q s«xwupauaq oaq'aqq Ajxoadc; (j 

* >n suwnxoo ux [?i" qaury ( t 


A 


02. 


snng 






11*7 II 

»i£h 

u? ii 


(g*t uoTr^osg- so a) moxj XSjous 
pup Jts«od 

82*3 XOA put? Xttsjrjno U309 
, 82i?3X°a tp 3 tms 

,USJOT;> *>«« ’•» °» 08 mptm uf "1 Ii 

:3uT34°xd -xo/pu* 2ux3ux-d joj suo T 3do ^nd^no 

W3t 9T 6 L *xoo jt ?naou3e T p sons o M ) • 6 ; imvrc* ur 

iWU oi(00 p.Jiu-pjd s..irpEMiqo Xt?ir, josh euj 
../T r 3 , c , rs‘T/'i „ . > 09*55 SfuranToo tiT pouound e?* 1 * 

v,n^o!Sas”n,; ssi%n 7 ^ 2:75 

^ . SWWA «** p“7°uap? 

Si-aM,*,, 72777 7 7' 4 ’“"WTO op PT qp, w 

*«« »» TO o a*e,7 woo*™ , o°opou”77,r«^»“a 

(2fiT0*fq) punojS eq Aw sanou aui 10 oun *r+n r r»*, m 

. p. ^ «. w 9 v) 3 ,pu 4 sris &i;s 


u 


• ?~l sunmxoo u T jgj tpim? (j 


in a 


3 S'010 

32010 

2S010 

0 < 

N3d0 

X*u 2 ts XHWIS X c u3ts <TTwn 



uo spuaaaj 

uo spuotiap 

0 **• * 

H'ddO 

, K3d0 

K3d'0 

0 > 

£ l ~3tf A 3 

?l-aaX 3 

. 11-ofiX3 

X*u2ps SS&ID/NSdO 


£i-^cQVTuugt-adX*Tl-acu’3 tpvfMS jo uou%jcedwt 

•T*«T« * Xc p & tto^^ 1 ^ 2S01D/K2d 

• ' . r *•■"^'O pus Buxusdo 8 t 

p*v> ..-, a0 o sic U 3 Tum '^Tq*T«A SOVI U 3 a T S Xus ^ 

T 403T*s s 3U©ssjdBj: 03 pssn sd/3 apt] 


it’-adAi WITH 'liiTutiJiNuu-sovi 1 aidwis 5+r 






<:) ScT.nl o of tyre- 1 ,3 switch specification 


CACS variable ' ORDER T , 


cortro.ti.ea oy tne 


2* Switch fron ’UODE'i’ to ground controlled by the 
TAGS variable ’GIG’ and closed at t s? C.O . 
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CO'CtJNEfTT ^.TA CA»r-• t _. 

— -_—_ Ky ' > \i .-'.c £ ’‘“’'ABTC} 


EAS*P source ^o?rr.n^n-i- 

"AlT a f e fwetlma 0 ^*^ th ®°® v «iWoa«a voltage and - 

G~'*-v'c bo grounded f c**e ^-v-. 0 *U '•'• UT:e » One t^rxinil reV J "" ni ' SOurces 

th« function rfJT 9 „ "* o.f circ^vor tS; 
tjpea, in which cam , 80 cis °s«a from a iiTTrt ,. re ? trt ^i oa ). 

card. t-p to tea luncvT * \'TT K pa 5! u ' eter ® are specif-Ted on'Th 1 'V nc “ iQn 
nule 4 immediately- bs'U 'Ws^-T 1 *f°--raiy type can al-o he r.,^ 6 Singie sou ~ce 
components which have b u >. Mn thej « are more corr^ < r AT as Per 

• ^enronous machine of Sc*;?;"-^ 31 evasions (e.^TVhc SOurc - e 

J --°"‘ '*62 )> •' ’ ' tie >pr.aoc dynamic 

coS?^! £^'^“^*^^2255“^ (indicated 
d *- e tA * s * as initial cond4-T? / the Cor rect ac 

EDLffi, («, »!, 5 ), 


^Associated format ,- th eraa ?l e B on P a ff e Mj 

1 \ C ^ 


O Specify the source; c-- the na^f> ~ 

ksource is always r-“ iL . c: ‘no node to wbhch it /. 

J node to ground). Se- P-i,-. a T ‘ connected 

2; Jadicate a volta,- v ' r non -^ounded source, 

iri c °nt°e r a ^S^tivc integer 

^ col tarns S0UrCG P^hir^ a ^. + , Vp 

• 910 ic.aoasurcd^i^i^j: 0 ** x (<0) 

4i. The Waoeter n» specifies the tv,. 0 r . v . 

All functions Ja>* TOltas8 a°>W, ? iftj *? u ?=' '“=«« f(t) 

t * 0, At 2 a+ a * S evaiu ^P6c or "Pad. <n A T 0 - a currer -‘ source!. 

’ A “> 2 At,... only. u the discrete points . J 

TOB _ _ stpctation ls assuned m botveen. 


TYPE . 11, 


) • "t O ’j Q • 

associated wi+h source function* W + i 

f(t) t T/ h souree-iyrpe numbers 7 “thT > are P° a sible, 

eveAr AT 06 coined either m 70 • Here 

by oT m rL Et ° P ’ ° r USln£ th * data card for 

are covered m Seo^S fo SU0r0a * i « '«!!'. Details 

; ^ - - £’ &»• 

^tioT^nTheTaseTf app -°ximate steo 

r/ 0 f dc .f° urce in the caseTf ;i Sitf 1 , COnditi ' 0 ® f (°) » 0 

-*( 0 ; « AhIPLITuue 4 ° r °ondition 


f 




* V ;; : ; 

\'* u . }> 

(.' 


•.'•• . y? v 


J u **• • V # ''* * • A * * • *> * e 4** * *%»»«»«*» e •• - tf»* • fr ^ ji i, 0 

* '|* * >? V '.* l * t |'» , / v* 1 * \ ^1 1 * * I 1 ’ 

P i Wf. X*r . I* initial condition f(0) - UffUtmt# than this type ii a do 

; u- aouroe (sea figure). • 

•xf H?- '1 vr/ rf;.i: ..; aV-.? —r : ■ -«■;•' •*: v • 

•*T^v-Av'■:* ••' — •' * - ■• Unautui* • ■ a ; V'-"- 


•‘. ■;• ■•• •'■ ifi 

• :' , • ‘‘ * Sff'h: 

v--: • w.a$% 

kA Ji Aft AS .4 Aft , v • J •• • * V S . 


I »•' - *! . \ n ,’’i [ .j*. ;**’ 

...» : : I ■!{ ,V,r »M’ 

• *« A . jj . 


- — : ■ ■'• '•• •. :\..v, i v 1 :; V i'titf- 

•• ■;" ••• "* •;■■ ■ i&sfiJLtf 

• 1 , . . I • »• • ., » • V, V* 

• ; , ' ' , * ' 1 \ . t .’, ’ >• 


vjr/.. WPEi 12* Reap function with linear riaa from t * 0 to t * To and ';■/?%■ 

£?rC\. <• - . constant amplitude thereafter (sat figure* drawn for V-AA;Cv'vju&V 

rAAAAA a *(») -o). .• ■• ■ ■■ ;; J -i i!« 


,t, ; ;.'\f , . 


* * •'% 

L -4 


:■ -ttii* 
!•;» 

■ :■!■.] i'% 


WPS 15 * 


15 * Kano function with linear deoay (see figure* drawn fori 
f(0) - 0)or v*UtK Ut $ A^Ammfcfe. THt tftaouJl 
/,a ca«V« is pawAUted. •’ 
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Uf}i: 

jl:* * 14* Sinusoidal fuaotion (see figure* drawn for f(o) * 0)*.- 

iff-Sir'll,. / ■• • . f™ ^ */:.■ 

M),'i r 7-,t-.v,' 1 * ■ 


i IpaUi tan vuiMi"^*0. 


• • ., • <i i ■’ » V , ,• •*, V \ 

r: 4 *.;* * ’■'•'•■'ife 1 


A • 


-.A? 


' ** 1 * . # ». 1 ^ ‘ “* i lf » (| , \ **4< •, *?'*'** 


f .4 V Two options are available. If •» • 

• A 4 • Of,. f(t) • JMHXtm * oos (24rf.t a-fi) 

^ { - ISSWWCY . 

>•••.' r fo in dpgreea 1 .. • • V.xH 

iA o. /(*) • imm* * wtt*«#(* ♦ *•)] v : A/K 

Air A'feii':;■ ■; nmamst 

x Hotw* For coneietency, the user should specify**!! einusoidarasplitud e &$/- 

'J; . . r * th r than as RW ealuee. Snisse this.is done, the poser floe and loes 
fe'$^i-***«oe, of the oonplete atwady-etate ?ha*or solution printout ( aaa Swoti 
l*^ 1 J®ao«T M punched aa "1" in coluan 52 ..of ^a intag r.«ito 
^*ta. card) will be only |gj£- of ;-th correct ▼eluee#'-:-?.-' .y-V 


v/iWvv*■ w* cuaprewe svesuy*evase ^neeor eoxution printout leae Sfou«r^f r rj 

'*•• ?®80W punched ae "1* in eolusn 52 ..of,the• intag r.aisc 
card).eill;he only jgy^- of : *h correct ▼eluee#'-:-■>■• -V-V.•••<*’• 

I 5 ^V.’ T’ -;i „>- J " ’V. 1 ‘ '• * *• -r ■ - •'v>/”' ' S: *\'•* i * 



rare « ?5 | 


TYPE * 16 1 


TYPE . 17 * 


TYPE » 19 * 


Surge ft motion 
Kota that o< 


and 


T(t) * AMPLITUDE * ( e * 6 » ) 

$ ar« usually negative. 


<%* ”»”■?»*»««> " r 4« conrerter, as 
from tha , a .Ida, 3 „ Saotion 1.61 for details. 

’S'Sr? * h< *«*«-■•• »f a .too- 

ST’ ~« & preceding 0 tlti—etep, „ 
t(t) - -A * ( y/ v ref )° 

S'cow^sr »— »■ 

aV! i • • 111 columns 21-30, and v <„ 

columns 31-40. Columns 9-10 and 41-59 are unueeda ref ^ 

* A 

Kota t As of lata 1979, this Type-17 source Is no 

sS T r J5 0,Bmended for wsage in the average 

i^almnJ !i rePr T ntati ° a 0f l!f 2 . 

is almost alsays to be prefered (thereby 

009 t;Une aUp of d « la Y» which 
can produce error, or Instability), 

d2:"isi 0 «•«». (».«.>, 

cart (cola. 3-30) laa te m'V-' s Th * rMt of *•“ <>ata f 
documentation of the B.lt^ta. 8 " 5,#tloa 1,63 *“ 


TYPE « 50 
51 


etc* • 
* 


® yn °? ronouB whine component, the d ta 
tails of which are fully documented in Section 1.62 


TYPE * 60 
61 

etc. * 
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>v v >■: 

k\[- ■ 

■ ’'•* «,/* \?;‘ . . , *’ * . 



r z;xr* tor <■<»»«««> *» 

aet Hill in i ia 8 * * source values are automatically 

SLT^oSJSi h * Vln ' f * — «—SIT 

STtS* « ft "rS;™ **• ’w r '*»^>>" 1 99 m iii" ,, fo? w 

up to 40 such TA03-cmtrtll.d el.otrlo-nit.ort mukI.. ’ 

““tool of Type 1-10 BOP eourcee (».. 
Section 1*<Ja ), nere the Interface la eetali'iife»t*<i 
auomatloeUyi thenle no need for toy epecltleatlm Ilk. i i 

£ th. other ^“?n^e £? 14.*!““ «*g • 

flexible V »T *. 1,0 ccurees art somewhat morb 

TAC3r.rl.bl.. eouid hi^ t li?» P * rtt<mUr °“t the controlling 
—tic .K ban arbitrary Mm,,, *, r r rp , ,- 10 * 
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Sinusoidal ac steady-state conditions are automatically computed as initial 
conditions for the transient phenomena. Simply punch TSTAHT< 0 on all source 
cards of TYPE 14 which are active in the steady-state. Note that only si¬ 
nusoidal functions (TYPE 14 ) are considered as potential steady-state sources. 
The first source card encountered with TYPE * 14 and TSTAHT < 0 will determine 
the steady-state frequency f 5 all other sources with TYPE * 14 snd 
TSTAHT <0, whose frequency does not deviate from f by more than one percenti 
will also be included in the steady-state solution*^with their frequency set , 

If steady-etate conditions are desired for do, treat dc.aa a sinusoidal 
function with very low frequency (f(t) * cos Pt'ft with f very low) or read 
in Initial conditions (section 1.7). See footnote on p. 35. 


: 6 ) 


For a delayed start of a source funotion. use TSTART > 0. Then f(t) « 0 
for t <TSTAHT ( net disconnected) and f(t) as specified as soon as 
t » TSTAHT. Note that the time count for the source function starts with 
TSTAHT (see figure) if T3TART>0. 'Negative TSTAHT la set to 0 by the 
program, except for TYPE 14 where It is used to indicate steady-etate 
sources with the time count starting at* t - 0. 
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TSTAHT>0 
TYPE • 14 

A t « 0 and $ « -90? 


ft, 
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line-function) 


TsYAhT 






.. 4 ».. 


*\ **• 




7 Y For nullification of a source function after t > T8T0P use the appropriate 
TST0P>0. Then f(t) « 0 as soon as t ^TSTjpP (nSt disc nnected). TSTOP-O 
or blank will be interpreted to mean TSXOP • infinity . r 
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9) For sources whioh ara not grounded at one end* two tricks are available, 
. ae follower « 

I...';, a) Current, sources require only a duplication, with the desired source 

• from k to m replaced by one from k to ground 
i . i and a second one from ra to ground* 

M 




• t <-<« 


* * 


.} to) Voltage sources can be handled by first converting to equivalent 

current sources, provided that the voltage sources have some series 
impedance (which will always be true, physically). This amounts to 
finding the Norton equivalent of the original voltage source and 
iropedanoe.. Having done this, the current source in question is 
handled as per Point a) above. 

-<£)— r-m* 

Example * Consider the modelling of 
a 5-phase generator 
which is Wy e - con m?c tied, 
but ungrounded, as per 
the sketch. Decoupled 
series source inductances 
U / 0 are assumed. r j'he 
Norton equivalent of 
each phase is then found 
■ , symbolically as follows, 

Using Lap.lace transforms i 


♦ <t 



'c.Ci) 

Wye-connected generator 
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--.v ;: ; ' Assuming v(t) <* V 0 ain(*t»t) for concreteness, we have ' 

; the following ct culationst ■■ VCS) ~ <jl>V 0 / 
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1>61 CONTROLLED D-C VOLTAGE-SOURCE 


v ^ V 


SM£HD) 



Tf 

f*23 w 

rTajujatg 


||f SJ 

<*f 

34U 


To be used for a d-c voltage source which 
is controlled by its current output (simu¬ 
lation of HVDC terminals with ripples in the 
d-c voltage Ignored). 


NOSE NAME 
CATHODE SIDE 



NODE NAME 
ANODE SIDE 


Note that the d-c voltage source 
is not defined by its positive 
and negative terminal* but 
by cathode and anode side. 

The positive direction of cur¬ 
rent flow is from anode to 
cnrthode. Current is not per- 
mitted to flow in the negative . 
direction (this is simulated 
with a switch on the anode 
.side). 


The voltage e is a function of i as follower 


e* k,+k*e 0 

and 



( 1 .) 




■ a 1+sTTa, 

£a 

The steady-state limits 
on e, 

. are translated to 
limits on e*. with eq. (l). During transient 
conditions, the limits will be observed on ^ 
only. After e^ max or a M ffiin has been reached, 

or was there to start out with, backing off the 
limits takes place as soon as the value of the 
derivative 

CVV^ (3) : 


t A- 


r 


cha^»jes #ign (turning from positive to negative 
in < «se of «u - e^ ffiax ) i The value for d? ?. c /<Jdt 5t 

is set to zero in the right-hand bide of Eq. (}) 
when s^ is at the limit. 


*’ . > 


3 










34b 


/ 


BOLES » 

1-) Specify the source by tvce 16 or 2 cart* /?<■***■ ~ _j J .. 

cathode- side and parameters T VXTIAL K #+i *, *4th inpd name for 

for anode , id . J pJLuri ^,*.2!).’ "" ^ ’ rUh Mi ' «■£ 


ii. 

£ 

i 


°° ,puto,i - ,lth «“ 

•Lply .at .«,) . o. ^^Ing JVZl^oTTmui, *” “ ”»• 

/ _ 1 


e(o) 

®(o) 


* e 


e 


<o) - 


Initial 

e max 

e min 


if INITIAL - i 
if " *, 2 
if " « 5 


4) 


V* i 
' V. 

r * 1 »” 


^ value of INM^Ar 4 m •* * 

U prin ‘' , ' i »*srog; 3 * th “ “ «rror . 

‘^:z^rz.z r giv * n ^ ; 

equi™i’ nt P “'^ of .o“JoTSt, ia J h S 5 5 I T ,, ^‘| tlST". L<*“ 

4 S&VS: . 

wron «» then the initiaf^*.* * .If thl °f integration. 

oT^LTt^T r 

«“ program. »*ma u <0, than it l. ,. t W „„ lnUrwUy 

” 1 “* I *lai ln E( l- (!) ia automatioan 

•‘••batata aubroutina. Wth , * *«•* raturn fro.- 

S^V"*"* i( 0 , lt . atMa ««« “ «*«"od in rul. J, ». at.ady- . 

•PacifiaaT' * 1 “ t * r “* «va„ 1(0) any differ ' 

• ‘witim. - o. In this .... r ‘ ****** tf *•>* uaar 

z?$&?x** g. «*. el ^*• ~- 

fitAt i» then computed from * ept °^ en foy the steady- 

'. it i'NVtIM.,, ■ ; (4) 

'octo - K- It tMrriA|.-j„i, (5) * 
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Eq. ($) 1 us-d.if the Bteddy-atate'veUage wne at its minimum or- 
maximum limit? in this case, the current setting l^ n ,_ is assumed to 
be tne. value wha^e the control would begin to back off tS« ; limit again. 

5 ) Output options f .'r ,.ntingirid?df plotting* 

Punch i.. col. 80 ^ card for ANOUE aide to get branch current, 

, 4 „ ” get branch voltage, 

* to get both. 


6) Spurious voltage oscillations'may:, occur-at the terminal after current 

extinction unless damping circuits^are aloe, modeled. Bn. tr* Long of Hughes ’ 

desearch Laboratories obtained good, ;rp,suits by adding a BO branch 
between anode and cathode (R*900A, C*0v»5/U»). . Bill ie now ( 1977 ) With " 
the University of Wisconsin in Madison, Dept, of ELmctrioaUb Computer Engineering* 

Bata field of columns 51 “60 of th^ anode, source card' is used to specify 

the resistance in olima of a small series isolation rbaiatSr which isdefihed* 
internally by the program. In the following diagram showing Internal SMTP 
representation of the type-* 16 source component, the resistor in question 
is that between the user-supplied (anode node name and the internally- 

. defined node M TXP~ 16 " 1 ‘ .... . 1 


'eosi* 


Knoif 


“TYP-J 4 *' 


^ . 

'I****/ ResmV \&USE 



"7~;-- 1 __ 

[ 4u>4«. asm )fr| 1 11 j 

j 4) o ftn% >or \ 

I t # ;Ht fet left \ 

L W) CUSc$ 

+ to «* * J 
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I V 

I 

t y 


CstWft 


^.** ’ 1 - ""•> S OijnjMic Source, /**jN 

, A.tv*I Kitten* I rtpreienuTiiK*^ '- 

Unxntwn t* m< ‘ } $kttcV Vs -a 

See the SKTF memorandum dated November 19, 1975 (Reference 8 ), as to the 
reason for this isolation branch* If field R* is left blank (or punched 
with the value 0.0), the 3KTP will automatically supply a default value equal 
to tne square root of "EPSILK” , where "EPSILK” is a floating-point 
«Tn?wM ^ n * 0U9 dat * I^Jn^aeter (see Section I.Oh). A column-80 (data field 
iqut ) request for current output »m tie internally converted into a 
current-output request for resist© R 4 , and it will show up this way - 
in the printed column headings whic.» precede the transient printout? a 
column-80 request for branch-voltage output will produce the voltage difference 
/ from anode, to cathode. Just me with the node mute which is 

? v * n J«K»ally generated by the ENTP for each switched-inductance or each 

switched-resistanoe element (s e Section !•*), use of the node name ,, TYP-J# rt • 
should always be avoided by the user. • - 
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1 * 62 Ijj R . £E " PHAS E DYNAMIC SYNCHRONOUS 


MACHINE SOURCE COMPONENT 


brieny f mentiln°what n is“!!ot lnvolyed Ved If n t h ht rf 3eo “ on > l9t "« first 

. o n n ? 4 r ;/:r n «t h 

1.6). If tb«'rotSting !T°” (Ts ' i,e ->'' source of Section 

phase synchronous generator thi,, * ? oonvenfc ic > nal, balanced, thrSe- 
?: 0hl ? I # u (U ' M - ) 5? SeitionTfil* rSf - red t0 th$ un iversal 66 

■.. the U.M. modeling if he reauire<? JaH * 106 U3er raight also consider 

the temporarily fifed dimensions of T raore machine3 than 

U.M. code is fullv vsrlahi!of this present section allow (the 
more laborious). tL »S I °T' thou 8 h datfsltup is 

conventional synchronous power^y-tfi?''^?" h 62 ls des:t S n « d only for 
numerous (limit as sent out fL ) SJ?- Se f erators which are not too 
: for which the number of m»?L! P * 13 4; 3ee «nd or. Section l? 62 b) 

by BPA is 10 per machine)'. ° 13 raa3ona bA.« (limit as sent out * 

models in the .EMTP* 7 This^s for^thi”! E !? TP s Y nchronou s machine (S.M.) 

armature windings-?he convent nnJ~ Pha3e C J 5e ’ with balanced 

system analysis. The models are* pase of interest for power 

’ V- 3 Type~59 EMTP source modeling <3 

b) Tvoefqiw Brand . wa «3 n modeling), ** ■“'° n 1 *~ 2a (the, 

Section itssb^the so 'call 5 d > <?rr TP source modeling of 
A user must choose one or the «?h2J 11 J d *? CE mod ® 1 ing). . * 

two models within the same EMTP^ata^ase? tW °’ h * Ca " not mi * the ‘ * 

essentta11 )' ‘he same ' V 

a given problem using either in <?enoi~i be f ble to 3UGCe ssfully model 

^ the 5L W ° model3 are very similarthe ‘l ? ur JJ er ' da ta requirements 
,-the same, and outputs arecomparable ?fch™»£ 1003 to TACS are "^ly 

omparabie (though some units are different). 

Tn a.’ , 6 aw* t. . 


f u are two ways in which 

than Type-59 modeling. First 

hut airT eCtion of tha ar mature 
TvL a Ji kno 'f n Power sys'tem genen 
l y * e Zl° mod «ling allows a choici 
for the outputwhile all Type!* 

Tyoe^q 6 0,, ^ put is important to i 
intuit mod ®ling. The general 
of conf u ?f rt r '? nit l*Pwt/outptfb is 

absolve MKS uni^ ? hat W ® WOUld 
etc > dn f fcs <e*g«, meters 

1 Ontario Hydro s M 
Physical units for output? ’ 


thc P ”° dalln 8 i* more flexible . 
; * JyP e “50 modeling allows for a 

ato?s a?.’u WhUe Type -” ' d °« not! ■ 
ators are Wye-connected. Second, the 

59 outDHt P ?« y nifc . and Physical units 
the u2? * i f Physical units. If ' 

‘ r"" 4 ' thU restriction of 

s pain nhS?e g If a riScred?b? St BP *. ' 
all he a. •?- incred ihle amount 

refche>» fetter off if everything was in 

usage is a wi?S nt i meters or kilometers, 
usages is with Type-59 , ‘using only 


; 1, related to ' ' 

separated.JibutlLSfwSefbSsses lilt he^ 

user ® quafc i°os), while Type-59 s M ^ iasion lines ( to decquple the 

t " on arbitrary numbed ?*!? not - I" *?t, the 

mit3, of fypn-SS machines i!? h i" .?J la ! lng «*e d -dlmension 

...... parallel on'the. same bus. ••• thus the 



o4d " i 

Type-59 machine is generally easier to use, and is more flexible. It-.., 1 - 
is also much more efficient computationally, for the average usage. 
Reference 'S, Vol. VII, 23 December 1977, page CBVB-5. documents a 
speed-up ratio of 2.5 for the IEEE SSR Benchmark test case, when 
ruft on a CDC-6500 computer system. 

After'hearing such a comparative analysis, one might wonder why 
the Type-50 model is even made available to the user. I.might offer 
some historical explanation, beginning with f he recommendation that 
the user read of Dr. Vladimir Brandwajn's contribution to program 
development in Section 0.2 . The Type-50 model came first, and 
has been extensively used by the power industry (particularly electric 
utilities in the southwestern USA, where concern over SSR originated) 
between 1975 and 1980. It was the outgrowth of much hard work by 
Mike Hall and John Alms of SCE, in the aftermath of the Mohave shaft¬ 
bending accident. An effective, reliable, useful tool was developed 
by SCE, and after some massaging in Portland fsfee Ref. 8, 5 Dec 1976, 

Vol. VI, pagination FOTS), was made available to the non-IBM general 
public for the first time via "M21." translations. The corresponding 
EMTP User’s Manual (now Reference Manual) was dated November, 1977, arid 
it mentions only this modeling. As a result, all but a select few 
insiders have been using Type-50 S.M, modeling for shaft-torque 
problems until now (1980). Actually, the Type-59 S.M. code was 
present in the "M21." EMTP, but it still had bugs, and was then being 
actively developed by Vladimir. This work has continued, and Vladimir 
today reports that Ontario Hydro uses only the Type-59 modeling. He 
and his colleagues have used it for several years, and have yet to find 
a problem which can not be solved successfully using it. On the other 
hand, Vladimir reports, that he does have a case which the Type-50 
modeling can not handle (the iteration fails to converge, despite his 
knowledgable adjustment of parameters). 

So where does EMTP S.M. model usage stand today? Based on the 
best available information (Ontario Hydro usage), the Type-59 model 
is believed to be generally preferable. It appears possible that within 
a year or two, a decision t:> remove the older Type-50 model might well 
be made, as part of industry-wide coordinated EMTP development. See 
Ref. 3, Vol.. IX, 6 August 1979,* page FYTM-15, Project 17. Users of 
the Type-50 S.M. modeling are thus being given notice of a possible 
fUrture discontinuity. They are encouraged to use the Type-59 model, 
and perform their own comparisons. If any realistic probleft of 
practical industry importance can be found .for which Type-50 -modeling ; 
works satisfactorily but Type-59 modeling does not, the documentation' 
'should be communicated to Toronto and Portland. Vladimir has always 
been open-minded on the question, and naturally hesitant to recommend 
removal of the Type-50 code. But such-a decision may well be forced 
on him in a year or a year and a half, as part of coordinated EMTP 
development;. So, Type-50 model users^ now is the time to come to the, 
aid of your model, if you know sc.*ething which we do not. 

The general summary recommendation, then,' is. for all '-EMTP S.M, 
users to try.the Type-59 modeling, of Section 1,62a . The Type-50 
S.M. model of Section 1.62b is considered to be alternative,* backup 
modeling. Any documented evidence which might call this evaluation into 
question•should be communicated to Ontario Hydro and BPA. Finally, be 
prepared for the possible•removal of Type-50 modeling in the future. 
The user instructions have been separated for this reason, locking 
toward the future removal of Type-50 modeling, even though there is 
considerable duplication as a result (most material is iaentieal). 
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1 . 62 a TYPE -59 DYNAMIC SYNCHRONOUS MACHINE SOURCE COMPONENT 
HP IP LPA LFB CPC CBN cXC 

azHEB^D4Z)4!:4i>-a 

tit. 3 Ko't*J, of twA? 




General Dcsorlotion of Component 


V , »• 


compon 
the Jr 
resear 
Prof. 
Ph.D t 
implem 
with 2 
pagitia 


«nt S (^n i ?24 f a iil® d r q T ic synchronous machine source 

ivsrslty W of 3ritish ?V»S^1„ C i? 33lriC!,ti0n) d *volopcd at 

oh of 0 ?. jirt'tl I 1 Vaocouvor ! s part of the ' !o = tn '- 

Hermann V ’ °? nducted under the supervision of 

~ 1 %-v * tncory is fully documented in Vladimir's 

v.ief. 1^) r and R»r. on vxaaimir s 

citation and enl 

da 


i and Rer I X8 juay documented in Vladimir's 
, and Ref. 20 provides 3 shorter summary. Actual 

r?f 25 i S ‘ 5 * «!.P?rf.™rd un*d& coSKt 


A. as documented in Ref * Vo y <mo/n unde < 

tion CBVB. V # /n » December 1977, 


and 


*C».v' 


a maxisura of^tao^oto^circu' t^on'oaoh ep “ atlons ara Provided for, with 
the machine is modeled , ' a * la - /he mechanical side of 

viscous draping, thereby orovidtM SS*^ub^vra™” 3 * 3 and pl»» 

modeling capability. > arb‘°ri. 1 , (subsynchronous resonance) 

components can be cinne«edI i^pSuel Z °t these s -"- 

. there is no need to isolate maoh?nf«v f? same generator bus, a 
Finally, arbitrary control sys^m dvn J^ 1StrXbUted “ paramtfter iiR es. 
vsee Section 3.), and connected either^\J; an J® rnodeIed using TACS 
dynamics), cr the field circuit (for «cite?S,?raiLj ^ prt "’ e -“ lover 

the a falBnr,ent a of°state t !lariab’ a es C a't y "he r t" OU3 ? achine <*•*•>, meaning 
{usually time zero), is based on the EVTP^h 6 the avnu iation begins 
state) network solution. For - °m , 1 TP phasor (sinusoidal steady- 
voltage magnitude and ansli* * u Purpose * the user specifier a 

is internally extended to phases "h” er a 1 H a *ti buS P* 133 * "a" ; it 

assumption of balanced, positive-seoupnc^ c ".. by the EMTP » using the 
'2‘ phasor network solution the\n w*«5 eratlon * Upon completion 
Positive and negative sequel"'comoor^fff c ?r reftts are known, 
i-.itiaiization. For unbalanced nA^lS*’ 5 are then used f cr the S.M. 

Ref P °2v ati ° 0 ‘ further work on the unbalanced that , his invol,ir «* an 
Ker * 2 3. unbalanced case is reported' i« 

;£s.«?£S .. 
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The dynamic S.M. component is internally balanced (with respect 
to the armature phases), and is inherently three-phase. The windings 
are assumed to he Wye-connected, /ich a possible 3~L branch between 
the neutral and local ground. 


For output purposes -:st m..-hine 
available : velocities and angles op 
torques, winding ourrenr.s. *•:/ I*, 

quantities ar»r automatical!./ appended 
output vector up^n th r * **« 5 nue?t of the 
printing and plotting just like any oh 


pnrrrmct **rs of interest are 
th*- rotor masses, inter-mass shaft 
u- 1-6 variables. Such output 
to the end of the regular EMTP 
us»r, and hence are available for 
her EMTP variable. 


Each rotor mass is allowed to have a constant mechanical power 
applied to it (in addition to the torque of mechanical viscous damping 
and the spring connection to adjacent masses). The user specifies 
proportionality factors for each mass, with the actual constant power 
■then determined internally by the EMTP at the time of the sinusoidal 
steady-state initialization (so as to produce equilibrium). This is 
the basic scheme regarding mechanical input torque, in the absence of 
special connections. But the user is allowed to^ represent prime mover 
(e.g., governor, boiler, etc.) dynamics if he so* Chooses, by using TACS 
(see Section 8 .) to control the just-described total mechanical power. 
In this case, the required TACS output variable is a normalized 
multiplicative constant (equal to unity if it is to produce no effect) 
for scaling the otherwise-constant mechanical power. Should the user 
desire a constant-torque representation of the prime mover, this can be. 
readily provided by the TACS connection (TACS would divide the steady- 
state speed by the instantaneous speed to produce the required control 
signal) . 
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**•25 S1SLS ?h‘1« d „no“ th 'J — **-. « «*t be 

have: , or equatlons which is used to model the S.M? We 


common n*utntf. connection point 
Tot this thre^ Wye-connoct <J 
Kto* tun* mndingn. This point any 
ke grounded through a oarion Ji-X, 
oranch.. 

* .1 

' angle of the rotor (the 

wvtte between the direct axle of the 

V ! “'VtY?* 0t amatUre Phaoe 

tlr L£SS» f " * 

f 98X ? 4t * wh9 » nonius; out of tha 

aw chine (generator contention). 

fS d thT^ S currcnt ia winding number 
4. w« t ?i dlt * Ct axU of th « rotor). This 

indirect! ^7 th ® C ° U ' 1/1 aoeor i *it 
a« direction of ateady-atata flow. 


Sf ‘'.T 


■ 1. 



Counter-clockwise 
steady-state rotation: 

If” * ~(h) m 


r 

\ *, W 


«» *1 


d?^L Wl !? in ?f aumb ? r 1 «< 2 Of the 

• direct axis (d-axie), respectively. 

«uadL^ lnffa n , Ufflb#r 1 ««d 2 of the 
< drature axLe (q-axla), reupoctiveiy. 


J ~~“ M « | w .a»«W (ae. lower ri.ht-bi~. 

’ «„ corner of next p ^ e) 

«> Ibis *»<»» i. w u. „ «... ««„. 

J'-a ^ »• to »< 

She «ynebronoua mechanical f rcqu nc M • *** dt u,a< * > be *ero. *°* the Meootated tam 

cto tor* ■*——«rr r • u “ -to* — 

l, ‘* wu,a »nu. « r “*« "*«*«.. 

r^uo on maao numbor* **nr ■ . 
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Synchronous Machine 

„ in E’fS^ntr! 0 ^ 10 ^ 10 ^ 0f a dynfmic synchronous machine source coodob m + 1* 

! a E,,r f p da * a cas * requires a number of data cards. These shall 2? at "*^1 
in order of data Input, 1* groups, according to the 

S1SS 3LJL ^ da ta jg grdg 

which the anaature windings are tobe c*orSi*IT' <pk netw «* nodes to** 

to ***»— - U* ! ^ t , Th6 nr3t «* «— 3 0Ws 


It 

id 

; , 1 i • 

! a u$ 

tei 

Afe 

irara . 

BUS 



i.1- 

volt' 

, I 

SSfiaS^ggSv 

::.1 f. : - 

, f.1. : . j. 

: ANeic: 

• j 

£10.6 ' Elo.fi ' 

;eio.<5 


VOLT 


SlteQ 


a^glb 


Snoh° mra » 59 ° < liymml0 “Wteonou, machine component. 


Six-character EMTP n^twoT'ir * 

3~Q an A6 information. n,! punchfld to columns 
“ 1= to be eom.ee,ed to «*• 

nou 4 or the electric neiwoi 

.m^lr'e S T ^ t | a ' r °^“ »J«^tude at the terminal of Hi, 
•‘•*1- electrical frequency of +u a 

steady-state operation 7 » toe generator in Hz , .. for 
*i2,l be 6o, . or North -toerlcan systems., this 

tos steady-state vol+•*„.* u 

machine, for pUr^T i ,ha f^ angle at the terminals ofth 
. component, all otter ones degrees. This machin 

current sources of "v^ e ,! „ sinusoidal voltage or 

."*«*■* f «r 0 ~ to ali “ 8 - 

ssjt'rss r-~ 13 ■ * 

i'orth tocrlca. .*»•• ' 

volteg, lego ptase “iVPta. "b" 

VO degress (and "/'ll ,.„ J . £ e _ky 

7 . 120 degrees). 


"a" 

"c" '• leads 
iiee sjcecch. 


"a” 



The 2nd of* 7 •*. 

for phe^e rsi* +u 3 Class i serves onlv 

00luc2ns 3-8 ualn/ appr^pri^e " orlc conn ? cti 

T— •* i» : ♦•«»%?%» l£ re«y- -» 

tor pte.se ! fc>» ~_5» ~- a to Class 1 g^rvt’s fln i w + ■ < 

columns J-8 using "a! ^hipe. Punch the aobrmJf^® network connect!c 

^ A6 : ft, raat, end. leave'th??L°?^u ^e' in 

; . rest, of the card', blank 



• 'X' 
■> " 




C1B88 2 3.M. data cardp 


'Mt -3 


Kaxt in order of data input come optional special-request cards (if any)-; 


H'' 


; V'4 : ' 

BP* 


wrLcn are associated with the machine. There are two such possible cards. 

with format and meaning as desciibed immediately below. Ordering of such cardi^VCr! 1 

(if two or more) within the Class 2 grouping is arbitrary. 

■ e • 1 ’< * ’ 

a) "TOLERANCES 1 * special-request card »v 


-ft 


There is just one parameter related to the solution of the dynamic S.M. 
component wh^ch may be redefined by the user, if so desired. This id accomplished 1 ij 
by means of an optional special-request card of the following formatt , ■ 



NIOMAX — — Siren a default value of 10 , "NIOMAX" indicates the number 
(51-60) of terms which are to be used in,a t rational approximation to 

the state transition matrix. Note that this is not an iteration ;<? 
limit, .but rather the aotual number of terms which will be used \ 
As a general rule, never use less than six. Ten (the default 
value) haa proven adequate for all data oases run thus far, so 
the user should not have to fiddle with this parameter. 

It should be stressed that the parameter on the "TOLERANCES" card is a scalar . •, ; 
variable only; it applies to the entire data case, rather than judt to the • 
specific machine along with which the input occurred. 




fe) “PAgAMBTiat FITTING" special-request card 

. ** * . 1 ' , . ' i , 

Comm^ily-ayailahle S .la. teat data turns out to actually be insufficient 
by. Itself to ..gpdjpiely specify *11 psrawetere'of ftb* mathematical model (Park's ri..r‘ 
: equations.) fbich is used by the % the .***U a simplified set of • / 

; addi.tionhl .constrainta hap implic(M*ely h*-en added., thereby completing : 

tie ..parameter ^assignment. In /Up IfbtfinW fflmMQ” • special- 

request .chrd', bjr -the Attaint 

, ■pa i ramhterd 'sfre^ob internally adjusted* : * 

V ; jiw-'.rtiyf » ! t • . t ■■ / ■»*•■** , -'’vy 


cccccccc 


!:}" j (• {. . ; . ;'.j • i 1 i i ■ f T j ,7 

■PAM^£t£'R pmjNe: 




f . ^'/> v ’ 


} 

1 1 

<•*7 


JL 


v w r; 


. The PARAii^iETER FITTING card is also used to distinguish between 
-. different types of' data,. Tliqi presence, of this card aiernals *' - 
■ manufacturer's data.. ' •••“•'. r ~fr*rnrrzv? .-fl " 1 - ' ’ 1 r — 

■ iW t yyWH ■■■■■<■ ■■ «<■ n — .n ■ ... * * •, a* * /' ' .jj \;, f 7 

3- ; \ -j, v • . . ‘^ f t *• * . i - * 

















/ 


■ 34e-4 

Documentation of the mathematics Used fo’r "PARAMETER PITTING" i 8 
contained in Ref. 14, the procedure is explained in great v detail in 
Sections 2.3 and 2.4 of Reference 15» pages 12-16. For most EMTP users 
how ver, nuch detailed machine considerations are too involved to- be studied 
and understood in detail. Hence thr only explanation presented here shall b* 
a reproduction of the Abstract of Reference 14* w 

The conversion of measurable machine parameters into reaietancs 
.and aelf and mutual inductances needed for the computer model is ' 
presented. The commonly used, simplified set of equations is 
replaced by a set of more accurate, non-linear equations, While 
the differences between parameters found from -.the accurate and 
approximate relationships are not great for typical machine 
parameters, the method does avoid the uncertainty associated with 
approximations, which do not really have to be made any more. The 
method does not require any additional teat data, but they raav be 
eamiy incorporated, when available. The effects of saturation on 
the inductances are briefly discussed. 

o 

+ . p?L*?T f statement as to the effects of "PARAMETER PITTING" on 

io^ld^Ln W0Uld be moafc valu *ble. Preliminary experiments 

quantities m the nh!ft Q '? cr * nU md stages, plus mechanical 

, l he a : haft s ^ 3tam * are affected in il Very minor way, tyoicallv. 1 
!i e quantities, and specifically the field current, ^aybe I 

significantly afracted (ten to twenty per cent or more). ^ j 


set of^nonlinear^Stion^bv Newt r °« 8Sa ±nvolves the iterative solution of a 
is takenT^h^Tlues as initial ( Btartia ^ ***** 

so requested by the user (in terns nf't^ aljnp ^ lfled historical approximation. K 
actually inputs), the mtin* 6 " Ufflerlcal Parameter values which he 

— once for Se direct 12^ LT T * perfo ™ ed twice for each generator 
machine, this tlZ ^^P to^ur^uohmtJL? 6 ?0r a dual 

original machine parameters are unreal! 2?* .?* M * ® enerator bus. If the 

and a warning message to this effect * tar f tion ma 7 n °t converge, 

Section 2.2b ). Nothing is lost in thJ" b prtn J* d ( 8ee “®esage number 47 of 
recover, and will simnlv u*** a caaa * however, since the EMTP will 

Preliminary exoerimentation would DbU l ata without any optimized adjustment. 

probably Sour' f„ . o ° a£ £ S r f nT'““ “«««-«»■ WU moat 

,, s „„ • following paramotor ralatlonahlpa apply. 

A qQ . *0 T T* S. .#n mu _— . 


10 T" 
qo 


T ao 


10 T" 
do 


x 2 


> 1.3 X, 


x s 


> 1.3 x- 


of 10 and '*** 9 **" faCt0r8 

5rm^ et( ‘ ra rather e th^ d s tand2d' C manufaet aC!d the s P eclncat ion of machine 
^lixNG" card. But if standard d ? ta » d ° not Uae the "PARAMETER 

* oeveral different cases of interest-f turer data is being used., then there 


Case 0 


Quie i . 


fo disable the parameter optimization, punoh iralu. 


2.0 for "PM" < 


*.?' ” r of S - B - - p— 

degenerate), then usage ^''PAWASmS dat& whlcl1 ia not somehow 
^ used, >-pm- Pa ^STER PITTING" ia optional, 

should always be given a value of unity ( PM - 1.0 


). 
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Oitt ; t If th us«r has data in which X" * X and I^ 0 |i t 

such parameters can be shown to be incon latent* Without the 
usage of "PARAMETER FITTING” , the simulation cm not even b ^ 
run (an EMTP error stop *ill result)* There a*» two options -..v 

available to the EMTP user who punches data that satisfies such 
conditions: 

a) If use is made of "PARAMETER PITT BIG" with parameter 

"ft!" somewhere in the range .95 < FM <1.0 , then 

the EMTP will use all q-axis colls. Internally, 
however, the constraint Is observed 

(despite the user-punched equality of thesa two paiamet ra). 

b) If use Is made of "PARAMETER PITTING" with paxum ter 

"PM" equal to unity ( FM « 1.0 ), then the q-axis 

damper winding is dropped from the model| this leaves Just 
one q-axls coll. 

/ 

Cass 5 t It is not uncommon for the user to have no data values for X^ and T£ 
In this case, he can still run the simulation if he does 
three things to the data: 

1) Gee "PARAMETER PITTING" with PM - 1.0 » 

2) Punch X* equal to the known X^ value f 

3) Set (punch) T< 0 « 0.0 . 

In this' ease, the BrfTP will drop the q-axis damper winding from 
the model, leaving just one q-axiS coil. 

Cm* 4 t Just like Chae 2 , only with "q rt (referring to the quadrature 
axis) replaced by "d" (referring to th# direct axis). 

Cbse 5 * Juat like Case 3 t only with "q" replaced by "d" • 

Case 6 : If the user wants to model a machine without any dampers at all on the 
q-axls, he should punch a common value for Xq , X’ , and XJj • 

Any positive lumbers can be used for T^ 0 and T|j o . Even though 
not used in the calculation, such values will prevent misleading 
diagnostic messages. 


Class 3 S.M. datacards 


Next come either 3 or 4 cards, which specify the electrical parameters 
of the synchronous machine. The 1st of this group has the following format: 


roi “ 



SMOOTH 



R*V 



EfO.ft ] 

■' St 


tto.'i.' 


K —ws—wwa mmmmsss WKfWVSR \ 

WXfkx* I 


NTJMAS 


tbs numb ** of connected masses on ths shaft system of 
this getter-iter. A Hasit of 10 is presently imposed. 


















me 


KBXC 


HP 


SMOOT? 


SMOUTQ 


RtfVA 

v.K'I) .* 


HKT 


The mass number which corresponds to the generator (or 
motor) rotor t within the interconnected mass-spring shaft 
system* Masses are to be numbered by the user for 
Identification, beginning with number one on either end, 
and continuing sequentially (2, 3, to the other end 

of th. shaft. See Figs. 3 and 4 at the very beginning of 
Section 1*62 . 


The mass number which corresponds to the exciter on the 

ebaft system. If no exciter exists, leave this field blank. 

% • 

The number- of poles {not pole pairs) which charact rise the 
machine rotor. The electrical frequency of the machine is 
equal to the mechanical frequency times HP / 2 , recall. 

Proportionality factor which is used only to split the real 
power among the two halves of a dual machine during the 
machine initialisation. If a single machine, this field may 
be ignored. If a dual machine, suppose that the user punches* 
value PA for this half ox" the dual, and value PB 
for the other half; . then the fraction PA / (PA + PB) 

of the total steady-state real power output will be assigned 
to this half of the dual during machine initialization. 



The same as 
real power. 


"SMOUTP" 


only for reactive rather than 


The total 3-phase volt-ampere rating of the machine, 
in units of MVA (million volt-amperes). 

The rated line-to-line voltage of the machine, in unitft; 
of BiB kV . Taken,as,a ps£r, "SKY" and "RMVA* 
define the base .upon which per wit. machine 

parameters are assumed to apply, it may be noted. 


> 


{ air g*p lie* <«fa*nut»ri4 
if th» aechui* 4m «r»«f 

tfubjaot t aaturatioo). 


AGLDTE) — Value of the field current in amperes which will produce 
rated armature voltage (1^0 per unit) on the air gap lln • 
This is an indirect specification of the mutual inductance 
between the field and the armature of the machine* See 
sketch below.. If the S.M. 
ie saturable, append an 
extra minus sign (making 
"AG1IME" negative) 
as a flag. 

— Value of the field current in 
amperes which will produce 
rated armature voltage (1.0 
per unit) on the no-load : - 
saturation curve. See right. 

This field, as well as "S2” , 
can be left blank if the 
S.M. is not saturable. 

,*•*'* ’ * ■ 

— like '’S1« , only for ’ 120/2 
of rated Voltage (f .2 per unit); 



aO£J»e 
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The parameters "AGLINE" , "SI" , and "S2" just inputted actually apply 
to the d-axle of the machine# A second card can follow --- call it Card la 

( as an extension of Card 1) — to provide for the eame thrie param ters, only 
for the q-axlaj * ■ 





* -r'" 1 - 

fit 




I f ff ij' lf jl 'i ;} ;f , fffiR 1 jMjf ! S 


^ t Jl ere „ i8 vo be n0 saturation modeling for the q-axis, this card can be omitted 
left blank. Nonzero values of "AGLQ" indicate saturation ae follows: 


AGLQ > 0 


AGLQ < 0 


Here the q-axis air-gap line is known, and AGLQ is the 
value of the field current in amperes which will produce 
rated armature voltage on that line. Data fields "S1Q" 
and "S2Q M must not be left blank (supply correct values). 

The negative value for AC2£ is a flag indicating that the 
user does not know the air-gap line for the q-axis, but 
the user does want q-axis saturation modeling. The EMM? 
will proceed to internally generate an approximate value, 
and use it for q-axis saturation modeling. In this case, 
"S1Q W and ’-’S2Q" can be left blank, and -1.0 can be 
used for "AGLQ*' . 



The remaining cards of Class 3 ■ S.M. data depend upon whether standard 
manufaocurer-supplied da$a are being used. If so (if "PAHASSSTBR FITTING" card 
was used), two additional cards having the fallowing format complete the 
Class 2 datax 
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... Annatur resistance, in per unit* This must b non-*negative. 

_Armatui e leakage reactano , in per unit. If unknown, use th* 

smallest of X£ , X” , and X Q . 

—. Direct-axis (d-axis) synchronous reactance, 
in per unit. , 

Quadrature-axis (q-axis) synchronous reactance, 
in per unit. 

—»• Direct-axis (d-axis) transient reactance, 
in per unit. 

— Quadrature-axis (q-axis) transient reactance, x 

intermit. 

i : * 

—. Direct-axis (d-axis) sub transient reactance, 
in per unit. it . 

■mL. Quadrature-axis (q-axls) subtransient reactance, 
in per unit*. . *• * 

. * j fJ • - r • ' • • ’ 


Direct-axis (d-axis) open-circuit transient time constant, 
ii\ seconds. 

Quadrature-axis, (q-axis) open-cireultrtransient tim constant, 
in seconds. 

Direct-axis (d-axio) open-oireuit subtranaient time 
constant, in seconds* . . 

Quadrature-axis (q-axis) open-circuit subtransient time 
constant, in seconds. 

Zero-sequence reactance, in per unit. If this is unkn wn. 

It is suggested that the same value as for x " or Xj 
be used. See note below. ^ 

The real part of the neutral grounding 
impedance, in per unit. See note below. 

The imaginary part of the neutral 
grounding impedance, in per unit. 

The machine is assumed to have a Wye-connected 
armature / with.' the neutral connected to ground 
through the impedance R n +;)X n , If the machine 
is in fact ungrounded (but still Wye-connedted), 
simply use a large grounding' impedance. Vladimir recowm*] 
100 per unit or. morep either a or X (he ha* need both) 
This is done in Toronto, where Univac word length is only 
Vladimir reports ho numerical trouble. 






i 

L‘ 

L' 




vS-'lf 


On th other hand, should the user have chosen to desdfflth* the fiaehine 
by means of per unit inductance and resistance matrices (no 11 PARAMETER FITTING" 
card used), then the Claes 2 S.M. data is oompleted with three cords of 
the following formatt 






. u 


3 f 


WfcT 1 




! ' 


•j 1 


| 

Eio:s; 


KERB** 


i i [. i 

: • l f: * i: - 


EVO.fc 


E10.6 


E10.6 


E1CI.& 


Ejd.& 


» » 1 1 t 

:,;4iL. 

•l • i ‘ 

;eio.6 

EIO.G 


afe^i S l aUS5 l i5& ! t l 




W 


•S--: 


*3K% 


i ■ y y it; 


E10.6 


Eiolft 


E10.& 


E10.& 



i ! hi,: 

T 


k kd 


i — • 

! Bg 


R 




smzvu} 


;hv!M! 
1 1 • 


£ 10.0 


eio.€> 


£10.4 


E10.G 


£ 10 . & 


eio.g: 


E1o;.g 


Ijaotf 


%y 


The aelf-inductance of the field winding (circuit number 1 
on the direct axis (d-axia) of the rotor), in per unit. 



— — — The aiutual-inductnncr coefficient between the armature 
and the field winding (circuit number 1 on the direct 
axle (d-axia) of the rotor), in per unit. 

i_. —— The mutual-inductance coefficient between the field 

* winding (circuit number 1 on the direct axle (d-axla) of 

the rotor), and the direat axis dumper winding (circuit 
number 2 on the direct axia (d-axia) of the rotoi*), 
in per unit. 

I • .......... The self-indue toner coefficient for the direct axia 

® . (d-axis) of the armature, in per unit. 

1 The mutual-inductance coefficient between the armature 

**“ ar<d the direct axis damper winding (circuit number 2 on 

the direct axia (d-axla) of the rotor), in per unit. 



The self-inductance of the direct axio damper winding 
(circuit number 2 on the direct axis (d-axia) of 
the rotor), in per unit. 


Rot : Direct-axis parameters , and. 

pro generally assumed to all be equal. But this 
la not a constraint of the &'4TT cod Unequal 
values can be used, if available. 





3-lf-l 


Numbering of winding on the 
direct axis (d^arls) 



Numbering of windings on the 
quadrature axis (q-axis) • 



field winding of machine 
d-axis' damper winding 

q-axis damper winding 
eddy current winding. 


k 



L «—■— The self-inductance of-' the q-axis damper winding 

t (circuit number 1 or. the quadrature axis (q-axis) 

of the rotor), in per unit* 






I ' -- The mutual inductance coefficient between the 

armature and ’the q-axis damper winding (circuit 
number 1 on. the quadrature axis (q-axis/ of the 
. , rotor), in per-unit. « 



The mutual inductance" coefficient between the two 
circuits on the quadrature axis (q-axis) of the rotor, 
in per unit. * » 


S 



.The self-inductance coefficient for the quadrature axis 
(q-axis) of the armature, in per unit. 


— " — Hie mutual-inductance coefficient between the 
armature and the eddy-current winding (circuit 
number 2 on the quadrature axis (q-axis) of 
the rotor},, in per unit. 



Hae a elf-inductance of the eddy-current winding 
(circuit .number 2 on the quadrature axis (q-axis) 
of the rotor ),] in per unit. 


ff°te t Quadrature-axis parameters 1 , L . an d 

: ore generally assumed 85 *** 

to all be equal. But thio is not a 
constraint of the EMTP code.- Unequal 
values can be used, if available. 


i 

o "" Zero-aequeneo reactance,, in per unit. If this is unknown, 

it ia suggested that the same value as for // or j 
be used. See note about Wye-connection 2 d pages back. 

. . -^“ature resistance, ^n per unit. 

®f. " Resistance of the field vending (winding numb r 1 on the 

direct axis), in p^r unit. 


Resistance of ih damper winding on like direct-axis (d—axis) 
of the rotor, in per unit. This is the resistance of 
winding number 2 on the 4-axia of the rotor. 
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?.esletar,c» of «i* S-«i. Hapn 

r.iraber 1 tr. .the r,;Mrs* u -or? axxs (q-axia; of 

u’uc- rotor,j■> ir« p-r ut**.« 


C4+<J 


-a- Jl* - * . 


vr.Cf of t..-. ••-o-.rrrrr.t rdr.di.ng 
•Vv«ninr nu&be - on the quadrature axis 
:c_axia') of u.w rotor), la per unit. 


fne real part of the neutral grounding 
impedance, in per unit . \ 

The. iaaginary part of the neutral 
grounding impedance, in per unit. 


See note about 
Wye-connected 
armature three 
pages baok. 


Clano 


S.M. Datacards 


Next in order of data input come the mass cords which containmechanical 
parameters for the shaft system. There la to be one such cord for each m i ^ 

punched according to the format immediately b<uow. In *“ e ‘ ' t lljr 

otirtVi ziorvio (ape 1st ca~d of Class p data, columns W)j ordering is actually 
[Z can Oa .buttM). though 1. 1c clearer to 

•tack such cards in naturally-increasing order of the mass number H* . 

i rirtt a -i - 1 -4 m, .raiHSig.-jg. - 

&• Lip Ext rks t, hj:; pgLortP dmut hkco ; i;.:Qj..; _ 


gj;;j;|.;f. „£io<&|,E10.G j ElcUj EIO.'H Eid.q OCTfr 

vr. _- The mass number, to be punched in the field of columns 

1-2 using 12 format. Recall that masses are to be 
numbered by the user beginning with number one on either 
end -t the shaft system, and continuing sequentially 
(2, 3j .... ) to the,other end.. See Tigs. 3 and 4 at 
the very beginning of Section 1.62.. 


SatTRKS 


Punched in columns lf-20 (read'using StO.,6 format) i» 
to be the fraction of the- total external mechanical -. • 

torque which is associated with this mas3: 

. (Orator; : ?or a. generator, enter the fraction of *fe» 

' total, external mechanical torque of this 

shaft system which is applied to this porticula 
. saas. If a.pump, enter a negative value. ..->•• 

1 Motor s' f«r a motor, enter the fraction of the total v./,;; 
t . ,emal mechanical torqUe of the shaft system 
which io developed by this particular mass 
t-f * -rmmn. enter' a obsitive value. 



US 


DELDMP 


/ 


DUOT 


HKCO 


” * *'‘ g ' 

Wie m merit of Inertia (WR 2 ) of mass number "ML" is 
l*ead from the field of columns 21—30 uainw Eio & fn i-m ,. 
This is to be in units of f ' *** E10 ’* fora *t‘ 

I million pound-feet J. 

™!h2‘'Jm.T Vl ? U0n coefficient for out 

Sr J" fro * «» ft«W of oolunns 31-40 ' - 

using Eio.6 format. By definition, . 


DELDMP 


(tu i ) 


cono^I.ritinn l!! 1 * particular dauping torque under 
consideration for mass number 1 » ML , u> is the 

ZE^TT*** ■» * . - to. ll the .pool*™* 

r r l °° f 5 or ,h, ° >hart 

la to be punched in urute ojf 


-— «... V M .* 4 . v sr vx 

£(pound-feet) / (radians/eeeondjJ 


' . 1 .. 

eM„Zi U ^'in inpt ? g coef f ic * e nt ie to be read from 

t« 1 S!r«!lI~ 50 4 . USing / B10 * 6 forma t. This pertains 
p * ent masa (assumed *td be number i » ML ) 

Si daLiS% With *5? ” ext hlgher number ( i+1 ). 

vllo^ $4" que9t J on ls a function of the * 
velocity difference between the two masses: 

* L DM 0 T -(tu i - o; 1+1 ) 

CO ‘ fflolOTt l, ‘» b* Punehed In 
|^( pound-feet) / (radians/second) J 

srr.^fr js*«2 ^1“ * > 

— < »•). SATSto 2 Jy-* hlghsr 


--cax ^ 

[ (million pound-feet) / (radian)] 


mos^ia aelf-daaping coefficient for this 

fomet* Bj irtSiS, 001 "” 8 61 - TO u * ta * W ’ S 

* ' Dtu 

X '\ u tt ! “T 1 **" 1 ,ta * pta « ***» » -> 

1 t and (u . 4 . -M__* • 

Of this mass. 


-r—'O VMS. gn OUU8 


*. tor this data are 

[(pound-feet) / (radians/second)] 

r-up 1 *^ ssvssss, je, ajwr ««.*» 

equally to the mate which is numbered . ♦ nunbe J 1 * I it also pertains 

numbered mass (number then these w®?! 8 pwrd °* the higheet- 

»re to be left b lank * tnan, these, two fields have no seaming, end 


f 

i ' *f 



•3-^ 



otherwise noted below, is: 


"r‘i ■ 

"2"j 


y .7 # JWi*« *■ r 

leave blank, or punch a zero, if no 
(kxs) units. No per unit output is poasxox 


rn 

'aj 

tph 

5 | 

c? . 
-1’ 

a:' 

* 

Q» 

si 

z 

*-> 

a 

cr 

0 

*-* 

*-* 

U* 

i\J 

O 
1-3 i 

t— 

cr 

► 4 

> 

JL 

V 

VH 

r-f 

**-* 

V-« 


JPAR 

1 


jure 

2 


K 


1 « > A 


U 


i 


2. i US» *C 

f~ 4 <• 
-u 1 U5 M 

| ( r> 1 '"j 


— 1 


*** \ ir* i 

n i *-* i 


> a 
‘ */> 


:t 


i2m; _ 

; a. njtVs i • i 

^ '< ,1 <T ‘blMASS 

■ t ! ** * ' 

*•#* _: 

— i . 1 

, .Spe.’cJs .. 0}o' • 

i A 0 

, Tcr^wos To • 
blWASS-1 

\ _ --. — 

: ■: Wh : ;iV; L‘. |i. 

•iJuriiii;;; 

• 1 1 1 ■ > ‘ 

.J. ;aU 11*1! i; 

5 . ■ » 


k <[ ’* V r 

tin-’ 1 . ■ ' 


r „«. r oi- ■'• r* ntout of the machine inductances and resistances, 
Control..- ^r^nou-c * e + . shaft system, during the. 

plus the mechanical data of the snaxt , 

steady-state initial-condition printout. 

. ,™mi of the name "JPAE" edae® from 

3 faeva» 0 Rieally, tne rAR °i ws »» 

‘'parameter" . 

Controls printout of the initial conditions f f^thia 
•o^cnrcnouc ^^^^lution. Mneumojlcally, 
tio° U '*£c'‘“'ol the name "J^C” cornea from maohin 

juach 1 or 2 to get such output; 

iratiax conduces. J un - . suppress it. _ .. 

; leave blank I, or punca a 0 y to -upp ^ ___ 


•**:> 


JIDQO 

3 




m 

4 


„ * . of the armature curror.tr. in d-q~o 

Control- prir^ou- -* T*- fra ,, 3 ), within the tioe- 

' c cord mat ea (ret^t*.^ f?t .*, ♦*« notation used for these 

sv.jp loop. KathematisaxA.^; " * *j le 2I&!2 names which 

variables is i d » S. ’ " “ (all AS format) 

are used for output laenti.ication.jrc J. . g &lso CoX , n1 , 

"ID " , "IQ ' , and 10 


V ’ 4 r,- 


. . • , - +he „,,,~ent in the field winding of 

Controls printout o the direct ajdi}. 

the. machine (circuit *— l '* _ , s ± the'TSSOP neme 

Mathematical notation i«+£ ori is ’’IE 1, " * 

■Which is -used for output identification is 

/ '.■',•*>•• . . ... 

x *. 4 .v, 0 n>»r*vpnt 'in the damper -winding 
Controls print a- oi -he 0 • - n!3jC hine. The binding 

of the direct &"ts (d-ax—) of + * d-axia. Mathematical 

in question is winding numoer.c on the du^ 
notation for the current is . the » . 

. . outnut identification is TXD. 



3*8-1 


mJ 


Controls printout of the current in the q-tttls 
draper winding (circuit number 1 on the quaBmatuve .) 
ejcle fa-axle; f the rotor). Mathematical notaefejam 
for this current ie ig j the EMli> name which 
le used for output Identification la 10 


♦ A*'*: 


Control* printout of the current in the eddy-current 
winding (circuit number 2 on the 
quadrature axle fa-axis) of the rotor). 

Mathematical notation for thle current la 1. . ; the EH 

name which la used for output identification la "IRQ 


w f th6 rolta « e i* applied to 

S«*+i«i d /J t ? dlD f* b3r the exciter * This will be a 
(doJ V0lttt r» unle8a the U3er sxplioitely 
epee if lee a connection to TAGS exciter dynamics as 

Class . 6 S * M ‘ data cards to follow The 
S ii!v nd i IJ fu lB wi ? dia « nuMber 1 on the direct axis 
if*?* 1 !' if khe ?? chin *‘ Mathematical notation for the 
mriable in question Is v> j *• -- 

used for output identification 


the SMTP name which la 
is '*v» » 


Controls printout of the net externally-applied torque 
on the machine rotor. This will equal the ^ 

•lectromechinicai torque of the machine, except 

tornS^ieh 5 ^* *?**?« ^ J} 80 m ext9rnal mechanical 
fH IS 1 !! plied dlrwtl y ** the machine rotor 
shaft V** * aingle-maae representation for the 

ahaft system). Mora precisely, it is T — T . which. 

*?* ‘I IS? name which la used for output 
such*that*thi? ** * **• •*«* contention ie 

suss *• for * 


* t * 

of th * Mt externally-applied torque 

tornSl 11118 8111 * qual the clactromechantoi 

2?s; °* exciter, except in unusual ca es when they 

SitL*^JS arna mw neeh<U i?‘ C,a tor<?u ® «PPHed to th 

**«*%*?. ^irstarr 1 

2 j 2 S •w*e»r *• 

generator operating' in the steady at at*. 


Controls printout of the machine armature currents in * 

££»r*5* 4 ■ 

{*• also tenable VIDQo” which ■i.n 

*» ««t«» «mnt $*wt, 



31U 


JSAT 

12 





Control the printout of the machine flux; or more : ,.:.v 

precisely, of the raugnetomotiv foroo (MMP) which driv s it*"’ 
If thie output 1» selected, two EMTP varlnblea are produoedi • 
one for the magni tudc of the flux, and the other for the 
angle (see sketch at left). The KMTP muse a which are uoed 
for output identification of these variables are "MPORCE* 1 
and "MABGtE" , respectively. Unite of the output are 
ampere-turns and radians , respectively*. 




f 


The 11 field of column 1? ♦ l controls printout of 
the mechanical angle 0^ of mass number i , for i . 
being a positive integer which does not exceed ’’LDIASS" . 

Itar a definition of M IiIMASS rt , see one paragraph below. 

Units of output are degreen , The angles in question 
are all measured with respect to a byhoteronouiily-rotating 
reference frame* they will be constnnt, then, for the case 
of a machine which ia operating in the sinusoidal ateady- 

state, For on unloaded machine which in operating in 
the steady statu with no externally applied torques and 
no losses, all angler* would equal 490 degrees. 

The EMTP name which is used for output Identification 
of the angle 6^ of mans 1 is ’’AHG I n , 

For example, the name associated with the angle of maso 
number nine is VANG 9 ” , while that for mass number 
thirteen ie "ANO 15*’ * 



"LXMA3S" is the program limit On the number of assess, as 
determined by KJRTHAN dimensioning of the 4»TP, Unless 
altered locally by Program Maintentitleo (for instructions, 
she the end of Section 1.62b), this will bo equal to 10 * 



* 







The II field of column 12 + LIKASS 4 i controls printout Of 
the angular velocity of woo** number i , for i 

being a positive integer that doea not exceed ‘♦LBUSS*’ • thia 
Output is simply the derivative of the corresponding • 

which has been described in more detail immediately above. 

Units tor this output are rad tana/second , The EMTP 
name which is used for output identification of the 
mechanical angular velocity of maao I is M VISL I " « . 

m . 

■ # 

The II field of coin an 12 + 2*LB4ASS + i controls printout 
of the torque Oh the shaft which connects muss number 1 
with ma 9 number i+i , for i a positive integer 
that does not exceed one Ipaa than “X.IMA33" The 

EMTP name which is used for output identification of the 
shaft torque in question (beiween mass i and mass let ) 

-■4.a ■■■ ■ dUdKi'-eif-qt,,§**» jftillion newton-««tcr» * 
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are a«d plotting purposes, the just-delineated output variable* 

g,«s£f-te ~ 1 w , * 

Ws^«p”^A 8 ?o2S« 0Ira " P1 ‘ 0f SUCh ' 0lUBm headln « s <* Prt”‘«4 BW 


‘"itiCJMl MfA0|N$$ *QR fug 
^)^U3U £HTP 0*Jf*Ur*VA W X 
*. . *cwir , 12 our>»»r vaRxa 


*£<1 * 

__ t«xr u 
*tM*L*~0 


6 ^UTPyT •/•.PTA 

3 cur»ur /*/?*.* 
j$ c.ur>ur /^?:a 
o gut«*ut var:a 
h?R consumption 


^4<tA.^j(rN£ft6r cjJnsu*i.»noM 


•*«ir E \ r ! s «T'V^ rmcs ,r ' ,U0M - ” TH ?se 

" y -CASSES, AS ?5U0ns Ml. 

•Uf3 A.7E tltCT#XC-«?7WC®< WO.lg VOLTAGES < 
'fill 1!i !:* S = M 1V0UT45S OF U*Pv 

° L ;f CUWhTS <«lO*Th 3 I«h th 

3 LE' 5 !^;f C SY «CHKOtlOIIS 'llJHZ 

^” U !; L0 ' ,( ' ,v/ CN07S lNT»riuuv- 

<?QWC * FLOW* £? 4 SWITCH) 15 T^rAf^n Lt 

i ** .ziizr: ——a* - ■’ 


• *** OftriTflTO ACCORDING‘TO THS.£tV>C- 

WITH *ri*FCT TO LOCAL C c 0UNT) 1 
R Mls'lS VOLTAGE OF LOWgtt HOCF) t — 

£ UPP*P £**« u 00E T(j Th? tC^rril 

f.?S» WtTH »4A^S GE»I**»ATI:0 internally* 
A^.OEL U°PFR K rtP OP PAIR)* **“ — •■ 

*5 a branch voltage for this grouping* 

PE A 9ffANCWCURR£Nr FOR THIS GROUPING# 


MACH t 

.Jf _ 

MACH I 

vru i 


MACH |* 
„_ 1*0 _ 


MACH l' 
IG 


,A| * ' ’ ■<''* pv * . ‘ Q f v ;ji 

-A2_R?___ 

j , HACH , | ’ ’ WACH I HACK I 

_J*P___TO _IA 

•I .. . • \*Y~T‘\% . 1 


MACH I 
_t 0 _ 

HACH t 

JP*_ 


"MACH | 

_to_ 

HACH | 

_«L_ 


• > r » • t * 

Alternate expanded format for Class 5 s.M. data . ’ \ 

t * 

S.M. "^data^is'^avaiiahi^^ to * h ® ,t " hich ha9 3 «st been presented for Class 5 
lather than lust n*»\ l u + f* 13 leS3 Compact ^ usuall y requiring two carder 
explained * **'* but is ffiore flexible 111 s o®« ways, as shall now be 


• ^l^olZ Si23t53 ? 0 ^ mcter key plua 







oi ': - 

\ o ' I Or 

. ^ ’ ! Y -5 


IS ,15 



‘g| iS! i « 

tti | , tn 

>-5 I ** ; 


IS : 15; I. is IS 


; TEXT 
•V " 1-6 


$••■• - 


6 rcHaracter key word, for ; which there are the 
following three options*'* f . • ’. 


. trt. . 

n AH» 


’’IfOtFE « 


• • !. 

~r if all. possible shaft variables . 
f(angles, velocities, and inter-mass 
torques) are to bp outputted. , v 

_ * • . ■ / . ■ • ■ "'} . 

— if no possible shaft variables ■. ’ ; *t 
are to be out-puttpdv . , ••....■• 


w E3tTEND rt — 


— if selective output of shaft variable! 

: is desired, as specified on an’ . 

>» ‘ axtensiop; {cofltinu^tiph) <jiAtd 'to folli 
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All other variables on the ^^^"fyT^hey^tell n^biTfinid igain 

have exactly the same meaning as previously, wey 

here. 

If "TEXT" (see above) were punched equal to ”NONE_ ” or Ali • 

s. -id =n“Hh« J-LtTucw, 

But should ’’EXTEND" be punched instead, then a second a 


BJJ rj.jrnf' . UMASS 

3 Wnu 2 —~ ~.■"•"•. 

! i . • Qo\ 1 v j ; 

-- a. ..2 *1.1 MASS 

, . j S f Gftds : . ..iii i* • ■ | j 
;i « blM*S5 

....3^btMASS~l 

jShaft tor^ets Ti 
,1 * i. S btM*SS~1 

■■: iof~-fc ;. 

.. jail 11.;; format }’:;' 

1 dll | .11 ' format 

* 1a - 


Ihe meaning o f all guantltlea aa need hare la eractljr the same a. before 




Class 6 S.M. Data Cards \ 

Next in order of data input come cards which describe aoy ^^' opa 

between the machine under consideration, and TAGS. Tlie geueral o 
one or more such cords of Class 6 is as followst 


1-fM 

x] 

&fS 


l^L. 


Buie 1 s. If the field voltage of the machine is to be C0 £*™ lle< J w 2[ 

- exciter dynamics which have been modeled using TACS, then 

the following is required: 

— Punch "71" in colums 1*2, m # special 
request for the exciter connection. 


KK 


BtSS 


The f-character name of a TAOS variable is to 
be punched in columns 3-8. The numerical value 
of t hi s TAGS variable will then be used by the 


BBfflP logic for the field voltage 
machine. 


of this 


*U1L? < 


If no ouch card la noad, the OCT logic ^ 

field' voltage for this machine constant, at whatever value was 

dictated by the initial conditions. • , ■ 

-•• ••• ••••■ : Vf- ' : 

If the total extemaiiy-applied power-on&he sh&Hi'aystea 
is to be. controlled V dynamics wfci^h a** modeled .hsirtg TAC8> 
then-the’following card is required:•; " * . 

. • * _ .. . ; : . 

—— Punch *72" in columns 1-2* ms a special 

requ st. for the TAGS control -of meehsni-csl . 

power. 





3-1 h -1 

BUS — The 6-char?cter name of a TACS variable in to 
be ‘punched in columns 3-8- The numerical value 
of this TACS variable will then be used by the 
'*'V EMTB logic as a multiplicative factor for scaling 
the otherwise-constant (steady-state) power 
• values. 

" 1 c rl 

Should the user want to code the logic of this 
TACS connection, but temporarily bypass any 
associated dynamics, hs can use the name "UNIT! M . 
Recall that this is the name of the built-in TACS 
source which has output identically equal to 1.0 « 

i • 

If no such card is used, the EMTP logic will simply hold the 
external mechanical powers on the rotor masses constant (at 
whatever values were dictated by the initial condition calculatim 

Sftft. 2a 5 If voltage v f (t) and/or the field current i f (t)“ is 

to be passed into TACS from the machine, then the following is 
requireda There can be either aero, or one, or two such cards: 

KX -—- Punch "73" in columns <1-2 for .field voltage Vf • 

Punch "74" in columns 1-2 for field current if • 

BTJS —— The 6-character name of the TACS sourc whose value 

is to be equal to the field voltage or current at 

each time step. 


.^1.? i Tf one or more mechanical angles , angular velocities , 
or shaft torques T^ of the shaft system of the machine are to be, 
passed into TACS, then one data card must be punched for each ouch 
variable. Angles .are in units of absolute radians (e.g., 
increasing by Z^t every second for 60Hz steady-state operation), 
angular velocities are in radians/second, and shaft torqu s are in 
million newton—meters.' The data card format is; 

The EMTP reads from columns 1-2 a code number 
which identifies the mechanical variable in queetiom 

/'for Q.| , punch i 

J for 0^ , punch LIMASS + i 

. ^ for; T ± , punch 2*LIMA3S + i 

-The SS£?P rends from columns 3—3 a 6-character 
alphanumeric name. This field ia to he punched ■ 
with the name of the TACS source whose Value 
is to be controlled by -the machin e var ia ble in 
question. • 1 


Eh** i * Ordering of the different possible cards which have juab 

been deeoribed ie immaterial} they can be shuffled, without 
altering the result. 




Rule 5 i 


o 
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The end of all such cards as have just been described is 
to be indicated by a special terminator card Field "KK” 
is to be left blank, and field "BUS” is to be punched with . 
the special word "FINISH” • Should this machine have no 
connections at all to TAGS, then this "FINISH" record 
alone makes up the Class 6 S.M. data. 


EE 


ti 

FINISH 


Class 7 S.M. Bata cards 

If the machine in question is not paralleled by one or more additional, 
dynamic S.M. source components, then thf re is no Class 7 S.M* data. In 
this caoe, the "FINISH” card of the Clans 6 data represents the final data 
card for this dynamic synchronous machine. 

But suppose that a second dynamic S.M. is to Ve connected in parallel 
(armature windings connected to the same busses) with the one just Inputted. 

Tfun he just-inputted ’’FINISH’! oard of Rule 5 must be modified to read 
^ indicating to the SMTP that S.M. data for this 3-phase 
> • ; bus (to which armatures are connected) has only been partially completed 
.* -?ata then consists of S.M. data cords for the second machine, beginning 
with Class 2 and ending with Class 6 . 


This procedure can be generalized to apply to as many machines as the user 
wants to parallel on the same generator bus. For IS machines, the first 3M : 
ha3 data cards which, end with a Hule-5 data card reading "FINISH FART" ; the 
final one end3 with just "FINISH” , indicating to the SMTP that no other 
machines follow on that generator bus. Only the first of the M machines has 
any Class 1 data cards (since this applies to the common generator bun); ’all 
M-1 following machines skip thi 3 data. "* 





The dynamic synchronous machine component, an EMTP source by general 
classification, was developed at the Southern California Edison Co., as fully 
documented in Refezence 8, Vol. VI, December 5, 1976. The dynamics of Park's 
(Blondel's) equations are provided for, with two rotor circuits on each axis. 

The mechanical side of the machine is modeled as an, interconnection of masses 
> 00(1 springs, plus viscous damping, thereby providing SSR (subcynchronous reeonano ) 
modeling capability. Either a single machine, or a dual machine (two machines 
in parallel, on the same generator bus), can be selected. Arbitrary control 
system dynamics, such as for representation of excitation systems, can be * 

modeled .by means of TACS (see Section 8. ). \ 

. Initialization of the dynamic synchronous machine (values of state varl bias ' 
at time zero) is based on the ElfiTP phasor (sinusoidal steady-state) network 
solution. For this purpose, the user specifies a voltage magnitude and angle 
for the terminal bus of phase "a" ; it is internally extended to phases "b" 
and "c" by the EMTP, using the assumption of balanced, positive-sequence 
operation. Upon completion of the phasor network solution, the injected currents 
are known. Positive and negative sequence components are then used for the 
machine initialization. For unbalanced networks, note that this involves an 
approximation. See discussion to Ref. 16 by Drs. Dommel and Brandwajrx. 

Should the user employ TACS for the representation of exciter dynamics, he 
must define the associated TACS initial conditions himself, manually. At thi 
.time, automatic initialization by the EMTP, based on the result of the raachin 
ini tialization and the electric network solution, has not yet been worked out. 

The dynamic synchronous machine component’ is internally balanced (with 
respect to the armature phases), and is inherently three-phase. The ; windings 
are assumed to be Bye-connected, with & possible R-L branch connecting the n utral 
to local ground. An alternate delta connection is available, by special request. 

Per output purposes, most machine parameters of interest are available 
—« velocities and angles of the rotor masses, inter-macs shaft torques, and 
winding currents, for example. These are automatically appended to the regular 
E5tS? output vector at the request of the user, so such variables are available 
for plotting as well as for printing. " ^ 
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Each rotor maaa is allowed to hare a constant mechanical torque 
applied to it (in addition to mechanical damping torques). The user specifies 
proportionality factors for each mass, with the actual constant torques then 
determined internally by the SMT? at the time of the sinusoidal steady-state^ 
initialisation. This is the basic scheme, in the absence of special connections. 
But the user may represent governor dynamics if he so chooses, by using TA.,5 to ; 
control the just-described torque:?. In this case, the required TACS output 
variable is a normalised multiplicative constant (equal to unity if it is to 
produce no effect) for scaling the otherwise-constant mechanical torques. A . , 

oonstant-power representation for the prime mover is one simple application 
which, this t>rque connection to TACS allows for, it may be noted. 


•/ t 




Even without any detailed explanation of where they come from, it might be 
desirable to document the set of equations which is used, to model the •S.M. we 
have: 




%\ 

it \ 





Counter-clockwise 
steady-state rotation: 

<&n - * (|p) * 2*7T^PHBQ 




~ <jonanoa nwtrtral conncetiCn poltit 
for.the three Wye-connected 
armature winding*. Thle point m*Jr ; 

bis grounded through a aeries R~k 
branch. < 

* x . 

*» mechanical angle of the rotor (the l 

angle between the direct axle of the ,:- 
rotor end the axle of armAture phaoe 
‘'a 11 )* Sketch 1b for a 2-pole machine* 
for simplicity* 

-* armature currents* Note that these 
are positive when flowing out of the 
aschiiia (generator ‘convention)* ; . ; 

mi field current (current in winding hmttber. , 
1 of the direct aadlB of the rotor). Thid 
ie positive into the coil, in. accord with 
the direction of steady-state flow* t 



rotor winding* number 1 and 2 of the 
direct .axle (d-axis), respectively. * 

rotor windings number i and 2 of the 
quadrature axis respectively. 


! fates .bout gechnnicai equ ation (see l OWQr right-hxmd corner of nexrt page) •' 

1) Coefficient names are as defined in the section about Claes + S.M. data cards. 

2 ) ' This equation ia Mewton's law in rotational tom tor mass number -"Jr" , . assuming the moot general ( 

3) If xasa number "jc B is not the generator rotor, omit the electromechanical torque v em * 

■ A) It masn number- 'V'* is at one and of the shafi system, either mass number Sc-1 or mass number W , 

(or both, in the case of a single mass -•■•stem) will not exist. In this base, the associated terms ; 
of mutual coupling ( "DiSJT" and "HXG0‘ ) -are defined, to be aero. 

- 5 ) Ihe synchronous mechanical frequency ”f"~ enters only through the speed-deviation self-damping term.. 

’ g)' Ah u 3 ed here, Ojj ' is the absolute angle of mass number 'V of the shaft system* ■ 

7 J 7 ^ ec b tij e externally-applied, mechanical torque on naso number - 'Oc 11 ■, in. the direction of fi> . -. 
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Several points might be made, with regard to usage of this SCE dynamic 
S M EMT? source component. Most Importantly, there is the underlying usage 
i yJSS co^satilSf which requires that the dynamic S.M. bueses be 
disconnected from eacn other by distributed param ter^tran^ission li„ 
Such S.M. busses must also be so disconnected from any Type 9 9? 

nonlinear or time-varying elements (see Section 1.J I • 


• V- •'*« r$i 


s.n. 




lompwl 

lineal of* ..] 
pseudo - 
nonlinear* 


it no such lines exist naturally, then the user must make the ® S^liahtl* 

Hire uncoupled single-phase stub lines, having travel time equal to or eligh 
in excess of "DEITAT" , can conveniently be used. In crude.-general terms, 

Sirs." Jr. wU Ilk. ,30 «U« .»««*-•“P* *“•; J * 
time-step alze of TOO mlcre.ec feme, light tmli «hou*°"* *J“ * 

microseconds). Hcte that such an impedance would not really J* 
ao one does not want to simply add it to the actual r » 

one subtracts the associated inductance from some lu?apedelement 

tiwi.fomer lmMge rM.tmc.)i M* the. mer.lr "11.trlhutw It 1m 

A lin e of Section 1,26 is usually used for the at ib, with aero resisten e 
(,^g it distortion! e.s). Wit. Hall of SCE h». report od good recooM with 

this technique. 


The user should also be aware that the SMTP will add 
high-impedance branches across the armature 
" t rminala of any dynamic S.M. which is not 
"symmetrically connected" to a dietributed line^ 
or a Pi-circuit Ur coupled 8-i (3-phaae; tetanon.. 

This is to insure Inter-phase coupling, ns needed 
for the compensation usage (don’t ask me why now* 

1 forget! But John and Mike of SCE found out 
experimentally that such coupling s* necessary;* 

The user will be notified of the internal addition 
. of such resistors by mesas of Message 3 of 
faction 2.2b • ’ See further discussion therm* 

The value of the added resistors can be controlled. 

• by the user, if need be (see the "HI®! RESISTANCE 
request of Section 1.0c )« 


SOSA 


BUS* 


east 



Users of the dual-machine capability (type oodes 
51 or $5 on following page) must also obeerre the , 

following additional restriction* any and all dpal machines wot 
precede any single, machines, in the order of data input. 


♦Note* The term "compensation* aa used here has nothing todo with 
® SS£ cr reactors (as the term i» weed in spates planning circles). Bather, it 
refers to the mathematics of eup*?cposition as used in . A 

linear network theory* fciagle-phaee coapenaaticc at the ■ W j> , 
described la Beferenee 2) Section of this tear * Minuhl 

discusaee the consequences to the E2CP ueer 
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‘ r ^^r^r."s; l ooap< ? tet *■**'■ 

1 " 5Ut ’ *“—««■ *°«- SS^ffiXS£«* 

^SSS 1 3&St ** &ta Qftr^fl * 

«^t^ t a»d”iJS e i. 0 Si a Lr hl J h apecif y the component tw»e li *. 

»SLrsr -£■^. 

” «» Per the following fotmt* tt *" t <* thwe 3 o«* 



’ \ i 


BUS 


VOLT 


SBEQ 


AHOLB 


\ 

V 


; : ‘ %, .'-^V v ■ 

' :' • f , '.: 


(EgEBCEEppr 

Bf 



s 


ran 


.tn 

■ r f v 


^ ooaponrat. ‘ 

~ ®Angle Mohlae t cbunoktricMi k» - ■•-■ - .... 

aanufaoturer-p^J^ 0 ™^ standard 

- « Ub « »p«ui«i *»«• **«*••■.. 

” 50 »" '•■'^ « »-tai ttoMfl.. 

wshin^i ohiiiBatfiH »_ \ u 

lndUOt *” e « «> r^C"«1i5«. r U “ lt ■ 

H UlM 52 • ° nI J r for » dual Baohlne. 
Slx-choraoter EMTp net«**».ir 

3^ aa AS information* ihe punched *® columns 
_ * - to * * —•«*— * 

^8 electrical frohlifeUnv A a ^?i:sv 

ss"re ° p ' riui “- *«<f»?s .^Xu 

VOltS^ -.jori j. 

*0r phae. "^■■nrKSF^fJ* }* °“> tantnala of m« 

oSSSTi: 1111 otl “ r <*«. i#2i^L ,M * «wM« 

« 0 ~ *■ *U SiaXT™ 

*$** **> »*» v\£ „ v 



I 
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The 2nd Of 3 cards in Class 1 serves only to name th network connection 
lor phase "b" of Idle machine Punch the appropriate "b"-phase name in 
oolumns 3-8 using A6 format; and leave the rest, of the card blank 


The 3rd of 3 cards in Class 1 serves only to name the network connection 
for phase *b" of the machine* Punch the appropriate "c"-phase name in 
columns 3-8 using A.6 format, and leave the rest of the card blank* 






Claes 2 3,M. data cards 

t. ,{ 

Next in order of data input come optional special-request cards (if any) 

V- which are associated with the machine* There are three such possible cards, 
with format and meaning as described immediately below. Ordering of such cards 
(if two or more) within the Class 2 grouping is arbitrary. \ 

• 1 ’ ■ ■ 

V a) "DELTA CONNECTION" special request card ' 

If the armature windings of the dynamic S,M. are delta-connected (rather 
. than Wye-connected), then this stattie must be communicated to the EKTP by a 
: special—request card which bears the text "DELTA CONNECTION” • in columns 
' ; i t- 16 : ■ , _ * * ■ 

I *4 cJ «| -ol—.|***|»! Sr 333 ai al sd 3i'J3aI5T3H 


IELTA C0NNECT10M 


In the absence of such a card, the machine is assumed to be-Wye—connected . 

(which is by -far the most common situation, for large power system generators). 

Except for the possible presence of this ewe special-request card, no other - 

portion of the S.M. data specification expllcltely makes reference to how the 
armature windings are connected. ••• 

for a machine the armature windings bf which are delta-connected, a word - ;J: 
about the interpretation of ESttf S.M. armature-current printout is in order. 

The labeling of variables is jwt altered (from that used for a Wye -connection), 

. so the user must be very careful. There are four situations, depending upon whether 
one considers initial condition# or time-step-loop printout, and whether coil 
variables or Park* a variables. Of these four, one will be incorrectly labeled. 

. * i - - , . , . 

; a) for. the time-step loop output, there is no, • AJVAA ‘ J v 

confusion or labeling problem* .The user must *1 UtJuUc/ f 

simply remember that "IA" , "IB" , and 3\ - "■yg /© 

"IC“ ar* line currents ( not armature winding \ IPk / 

currents), while "ID" , "IQ" , and "10" \ • •/ 

are indeed armature winding variables (albeit \. 

v.. in Talk's coordinates). • . /Hs? H 

b) for the steady-state initial-condition r*^ / 

printout,- "ID" , "IQ" , and "10" are ; \ / 

indeed armature-winding variables, .Just as \ / 

in Point a). But "IA" » “IB", and "ie"» ' ;\J ‘ • 

,are erroneously labeled.(see sketch), *f or . ®** 

they are armature coil variables. 8*g*-» ‘ . . . . „ n , ' r 

• what is labeled "IA* in tbs S.W. initial 

condition printout is actually i ttb , tha sliS C 

I.;, ;-,, current from "a" « "V tn «» 




i f J 

\ i 


mi 1 ». i: 

Pi' ! • 
S;.i|; i ' 
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ItStl^tisu * . ^ option of "DffiTA CONKBOTIOH” 

'• •' transmission Xin.es (lust as S*hV ! 

s « SMtioTiV^r to *•«“*)< 

^ -cor rurther coflaneatse 




• .1 . ’ * 

b ). ,!!k>£ERAiroTi3»» ^ 


•■' h. 




j -; 


*Ss A 


' rt Ji 


Z*£**®* Conventional 
ff y* labeling. 


a • • ‘ t . I ,/■ T* 1 ' 

sr£”ilrlS|^ « 

•—’ Ef&M£ fc EPoiet, I HidiiM 

mm .«_ Tol ~; 1 —-—-~ l i I "p * 1°*** 

th 0 h J* *•*«**&«■ ef the *»*t 
power-series accumulation 11 : The 

coweiged), shin ^^JJiM.^nAnatsd (assumed to have 

•T'*""' ~~ ’•*«**-- 5 -• 

■ . . •’ thnn Ma. toleronc . 

.•■:*»»»_: •■.■ 

»atri^ of ttej*ii522| "s^of the ooeffioient 
V ; :< u^Tia^* Stdp * la dWorai’te ^ 8 ^ Ch fflUst <>• «»lved 

4i - 2u2n ? 0o * p * r * bl * to 5* mP u^l *J*J^ 10 * and 

. M Tl tfAY __ lr - 4S i . »'-*• 

—— ^sxlaoa number of dm., -li. J, 

« IttOMlj: —— siexlmua number of itew.*< s ■ 

t " * t ? C ^ Uen ol> ^ flowed for the 

‘ * tolerance "ISomb}«- «, ^otor speedy at any time ,i.„ t# 

’ •'»> is?* 1 **’ **>“ «> ■■;' 

•*»» »••»«. to *b'S 5T >• »W««N ««h on EatP :. : ?- 1 


t rr, " n f 

■u mm 


E PDOEL 


1IXAIIIZ 


wtoaftx 
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It should be stressed that these are scalar v iriabl a only? they apply 
to the entire data case, rather than just vO the specific machine along with 
which they were defined. For example, the user may have 3 BMP dynamic S.M. 
source compon nta in his data case under consideration. But ther la only .,one 
’’EPOMEG” , and the rotor speeds of all 3 machines will be iterated until 
convergence ia achieved to this same single tolerance. Should the user desire , 
to re-define "EPOMEG” , the ’’TOLERANCES” special-request card which 
performs this function could accompany the data cards for any one (or all three, 
if one wants to be redundant) of the 3 machines. . 


• Only non-blank (non-zero) fields of the ’'TOLERANCES” card serve to 
re—define the associated variables* Hence the user need only punch those 
fields which ar« associated with control parameters which he actually wants 
to re-definet 


In the absence of re-definition by means of a "TOLERANCES” special- 
request card, values for the associated variables remain at the default valu s 
which are assigned within installation-dependent module ’SYSDEP of overlay . 
number 1. See Program Maintenance, if there is a question about these values. 
As set up for REAL*8 IBM computation and 60-bit CDC computation in 
the Spring of 1977, the following? are default values for tolerances*. 


EPSUBA * 1.E-16 EPOMEG * 1.E-15 , &PDGEL *» 1.E-16 

NIOMAX » 10 N1AMAX * 50 1 


Por machines with reduced precision (e.g., single-precision Honeywell, Univae, 
or DEC FDP-10, all of which use 36-bit floating-point computation), the three 
floating-point, parameters must he reduced. This should properly be done within 
installation-deoendent module W 3YSBEP” of overlay t. The following values 
are used byOntarioHydro for their 36-bit Univae SMTP version: EPSUBA * t.E-8 
EPOMEG = 1.E-8 , and EH)GEL * 1.S-8 . Integer parameters are unaffected. 


c) "PARAMETER PITTING" . special-request card 

Connionly-availabla S„M... test data turns but to actually be insufficient 
by itself to uniquely specify all parameters of the mathematical model (Park's 
equations) which is used by the SMTP. In the past, a simplified set of 
additional linear constraints haa iraplicitely been added, thereby completing 
the parameter assignment. In the absence of a "PARAMETER KITTING” special- 
request card, this older, simpler procedure is used by the EMTP; machine 
parameters are not internally aujusted. 

But, ^iould■ the user desire an ’’optimized” adjustment of the S.M. 
parameters, then he is to supply a special-request card of the following 


I -f4 *>1 *'l •>!»: *i a! ?' s| c 1 2 : d u ^ *■ ?:! m a; & 

<T« N« 7,' r* ^ ^ Sv 

pARAHilE-R . : > 

E 3.(f 


FM' 


Note that there is only one variable ("FM" ^associated, with such a data card? 
its usage is explained further below. 
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Documentation of the mathematics used for "PARAMETER PITTING” is 
contained in Ref. 14; the procedure is explained in greater detail In - 

Sections 2.3 and 2.4 of Reference 15, pages 12-18. For most EMTP users, * s 
howevei', such detailed macnlne considerations are too involved t •>. be studied 
and understood in detail. Hence the only explanation presented here shall be 
a reproduction of the Abstract of Reference 14s 

The conversion of measurable machine parameters into resistance ' 
and self and mutual inductances needed for the computer model is 
presented. The c cam only used, simplified set of equations is 
replaced by a set of more accurate, non-linear equations. While 
the differences between parameters found from the accurate and 
approximate relationships are not great for typical machine 
parameters, the method does avoid the uncertainty associated with 
" approximations, which do not really have to be made any more. The 
r method does not require any additional test data, but they may be 
; > easily incorporated, when available. The effects of saturation on 
’ . the inductances are briefly discussed. 


Perhaps a summary statement as to the effects pf "PARAMETER PITTING” on 
the EM?P simulation results would be most valuable. Preliminary experiments 
would seem to indicate that armature currents and voltages, plus mechanical 
quantities on the abaft system, are only affected in a rfxy minor way, typically* 
But rotor electrical quantities, and specifically the field current, may be 
significantly affected (ten to twenty per cent or mire). 

The "PARAMETER PITTING” process involves the iterative solution of a 
set of nonlinear equations by Newton’s method. The initial (starting) guess 
is taken to be the values as produced by simplified historical approximation. If 
®d requested by the uoer (in terms of the numerical parameter values which he 
actually inputs), the fit ting process may be performed twice for each generator 
ones for the direct axis, arid cues for the quadrature axis. For a dual 
machine*,this makes up its four such fittings per S.M. generator bus. If the 
original machine parameters are unrealistic, the iteration stay not converge, 
hnd a warning message to thi .3 effect w* 11 be printed (see message number 47 of 
Section 2.2b ). Nothing is lost in this case, however, since the f.HTP will 
recover, and will simply use the input data wichout any optimised adjustment* 
Preliminary experimentation would seem to indipate that convergence will most 
probably occur for cases in which the following parameter relationships apply* 



> 


10 T" 
qo 


T\ 

do 


10 T" 
do 





It is here assumed that un saturated parameter values are used, 
of 10 and T.3 are sort of empirical estimates. 


x; > v.vx { 

and-the factors 


•As far the choice of parameter . "FM” and situations, where "PARAMETER 
FITTING” slight be useful, there are five distinct cases of interests 


Q* 8 * ,1 ' If the user has a valid full 3et of • S.*M* data parameters 

(i«t., full transient and subtran3iei$t data which ia not somehow 
degenerate), than usage of "PARAMETER FITTING" is optional; 
if used, "FM" shouli always be .given a value of unity ( FM *1.0 )♦ 


'u , . i <• i * 

Chse: 2 : If the user has date in which-*'X and T* d T , * 

1 <? q’ qo qo ’ 

such parameter's can be shown ;.o be inconsistent, Without the 
usage of "PARAMETER FITTING"' the simulation can not even be 
run (an EMTP error stop will result). There are two options 
1 available to the EMTP user who punches data that satisfies such 
• conditions: 
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a) If use ie made of "PARAMETER FIWBO" with parameter ; ' 

"PM" somewhere in the range .95 < PM < KO , theh, , 'm;- 

the EMTP will use all q-axis coils. Internally, „ • ‘ v 

however, the constraint * M-X g it observed ■ - 

(despite the user-punched equality of theam two parameters). :'y 

b) If use is made of "PARAMETER FITTING" with parameter 

"PM" equal to unity ( PM - 1.0 ), then ‘the q-axis , , 

damper winding is dropped from the model} this leaves Just 
one q-axia coil. . fj',L 

• t > ' ' • 

Case 3 * It is not uncommon for the user to have no data values for X^ and T* ft * f 
In this case, he can still run the simulation if he does 
three things to the data: 

l) Use "PARAMETER FITTING" with FM » 1.0 | 

’ ?) Punch X 1 equal to the known X value} 

• ’ 5) Set (punch) T^ Q m 0,j • 

In thiB case, the EMTP v?ill drop the q-axia damper winding from 
j the model, leaving Just one q-axiti coil. 

* * 5 \V; 

Case 4 t Just like Caste 2 r , only with "q" ( referring to the quadrature . j, 

axis) replaced by "d" • (referring to the direct axis). . ' 

Case 5 s Just like Case 3 , only with "q" replaced by "d" . 


Case 6 : If the user wants to model a machine without any damper windings at all 
1 1 on the q-axis, he is to set * X’j and T^ o * T^ o positive* 

The latter assignment prevents misleading diagnostics, even though the 
particular positive time constant is not- used by the EMTP. 


Class 3 3.M, data cards 

Next come either 3 or 4 cards, which specify the electrical parameters 
of the synchronous machine. The 1st of this group has the following format: 


bceoegbcoebe 


fU 


$ 

£i 


o 

d 


Ai 


a. 

z 


14 


3S225232 




SMOUTP 


Elp.G 




SHotrrq 


eio.G 


t;f* 1 

RMVV 


E10.& 


I RKY 


. r 


£1d.'.6.: 


: < ♦ | 

: a<L imt 


» . 


EiO.ST 


< f: r-S'i rl J 


.EtoiC: 


mm mmr 




•E1.6VET 




NUMAS 


KHAC 


The number of connected masses on the shaft system of 
this generator. A limit of 10 is preeently imposed. 

. *■ . * • . /. 

The mass number which- corresponds to the. generator (or 
motor) rotor, within tilb interconnected mass-spring shaft 
‘ 3/atero. Masses ai>* to be numbered by the user for 
identification, beginning .'with number ona on either end, 
and continuing sequentially (2, >, ..) to the other end 

of the shaft. See Figs. 3 end.4 at the very beginning of 

Seaibh uw i ■ ' 


,-r. 





I * » 


0X0 


HP 


SMOUTP 


SMOUTQ 


ItMVA 


, HKV 
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The mass number which corresponds to the exciter on the 
shaft system. If no exciter exists , leave this fj.eld blank:* 

The number- of,notes (not pole pairs) which characterize the 
machine rotor; The electrical frequency; of the machine 1s 
equal to the mechanical frequency times • NP / 2 , recall. 

i 

Proportionality factor which Is used only to split the real 
power among the two halves of a dual machine during the 
machine initialization. If a single machine, this field may 
be ignored. If a dual machine, suppose that the user punches 
value PA for this half of the dual,' and value PB 
for the other half; then the fraction PA / (PA + PB) 
of the total steady-state real power output will be assigned 
to this half of the dual during machine initialization. 


The same* as 
real power. 


"SMOUTr" 


only for reactive rather than 


The total 3-pha3e volt-ampere rating of the machine, 
in units of KVA (million volt-amperes). 

The rated line—to-iine voltage of the machine, in units 
of RMS «cV . Token as a pair, "BKV’ 1 and "E-WA” 
define the base values upon which per unit machine 
parameters are assumed to apply, it .may be noted. 




I 


AG&ZNE' 


31 


S2 


<i* . - 1 , : 


• Value of the field current .in amperes which will produce 
rated armature voltr-ge (1^0 per unit) on-the air gap line. 
.This ia an indirect specification of the mutual inductance 
between tee field and th e armature of the machine. Se • 
ekeich below; If. the 3.x. 

'Is saturable, append an 


•extra minus sign (making 
"AGlISuE" negative j 
as a flag. 

* Value of the field current in- 
‘ amperes which will produce 
'rated waaturc voltage (t.o 
per unit) on the no-load 
saturation curve. See right. 
This field, as well as M S2'* , 
can be left blank if the 
S.M. is not 3aturable. 


S 

« 

% 


a 

*• 


* 

% 


futr £*p line 

f the iron wen eel* 

^eubjec*. to 


•' fike "SI" ,. only for 12C$ 
of rated voltage (1.2 per unit). 


« 

£ 
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«** 


The parameters ’'AGLINE” 
to the d-aiis of the machine, 
(as an extension of Card 1) — 
for tr.« q-axir: 


»S1" . and ”S2" just inputted actually apply 

A second card can follow —call it Card la 
to provide for the sans three parameters, only 


lit: 


r r 

ttt: 


> !■! U-U i-A-'. • I * j’j j ; T • U /* l ‘ 

! j. I-}..*...! >• 1 • : : •? I**j ' ' 1 T H'T j t 

.JaLilli.i (! }-*■ ■ •! * 1 ! *•••': m-i- -H-rH-H-}-* 

it H :ij S'"! ill tiiiixiiii 


sT 1 r. 5 ?, 7 ,' i, ’ 

^ r.^ 


—r, 

;Hf!w 

r* . i t r .*>~• . r v- 

u&ik II 

» i . ? * r* m 

Usklf 

i q.cv^; j.- 

> 1 » i *» » ' ‘ » ; 

rr~ \')y*Tr 

liEfoiSLU 

r • s : I ) , i 

• . ; i : »7 i 

mm\ 
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If there Is to he no saturation modeling for the q-axia, this card can be omitted or 
1 ft blank* Nonzero values of "AGLQ" indicate saturation as follows: 


AGIiQ > 0 t Here the q-axis air-gap line is known, and AGIO is the 
value of the field, current in amperes which will produce 
rated armature voltage on that line. Data fields "S1Q ,f 
*• * and M S2Q** must not .be left blank (supply correct values). 


ACDQ 0 : The negative value for AGLC is a flag indicating that the 

• user does not know the .air-gap line for the q-axis, but 
the user docs want q—axis saturation modeling. The ai'fTP 
, will proceed to internally generate an approximate value, 

and use it for q-axis saturation modeling. In this case, 
! ’’SIQ*’ and "S2Q" can be left blank, and -1.0 can be 

used for "AGLQ'' . 


The remaining cards of Glass 3 5.M. data depend upon ’whether standard 
manufacturer— supplied, data are being used. If so (if the machine has type code 
50 or 51), two additional cards having the following format complete the 
Clas 2 data: 





— IS * 

rt w o -of * •“ 


nlr, ” * w..?±5 •< 


7l Vi 7* V * u f S : i* 


:/■& 

m 9 

•• H° ' 

‘dO 

^|-!;Xo i. 

. 

: R n : ‘ 

•••i-'Xn 

.1N2BW 

eio.g 



|:sio.6 j.£io;4: 

’ Ejd.tA>' i 

:£ijd»s] 

: .1.T10U_ 
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Armature resistance, in per uni*- it, + • 

’ per 13X11 ^ *^at oe non-negative. 

Arasture leakage reactan » ■<« ., _ 

smallest of X" , X" , ani^X^ UnXt * * f untoiOWn ’ use the 
^ ^ o * 

' S r p°I-'S;. (d '“ la) reactance, 

S1^“ la ; ( ^^^a=ua reactance, 

2*22^21 (6 ' £Xl3) traMient ««*—. 

T£*££** 

ii ^per"S?. <d '“ l3) aubtrancient reactance, 

I 

in SU ' +rsmsient reactance, 


XK2EH0 


" tZToT. (d ' aXis) 0P —*«** transient time constant, 
iHie l iJr aXlfl (q “ SJcLs) 0 P^-circuit transient time constant, 
constant ^a^seSda. 0psn ~ clrcult sub transient time • . ’ 
cons;^ e Ir!^3ccndJf is) 0peiw ~ ircui t subtranaient time 

i.; cnc? + ^ 

. it Suggeste-i :;•! alflf 11 ' I ” tilis is unknown, 

be used. 3ea note below. ‘ M f0r V' ° r X 4 ' 

iSed^e C ^ Sounding , 

’ ? ^ r wt » See note below. • , . rf 

^f rt of . tht? neutral . 

® > “ ,i ns tsijea&nee,-■ m po-r ua* +• , r- 

: • •• ? p r u -* t * note below. 

Rot e:, v is v u 

*\u *“n have timing only if the 

, CO >mS-,'^/ ye ' c T ected (ao *a«M 

oih«w‘ b i0W as 2ero or blank, 

AS °' c °iunns 41-70 may be left blank. 

•w A-a* •* _ 


**Z****~? ORa : joU<! -cchine, this 
3 ^‘ vr:als ™e status of the 
r “' C£>nn ® ct ion 

j 0 switch closed 

^ switch open 


i ®- 

bn a ■ 


tfautral ot 
ftrc»?urs 




r 


, -..iy 


li #** : ' s ?7 

•VAa* On the ther hand, houlu the user have chosen * describe th machine 
- by scene of per unit Inductance and resistance matrices (machine typ codes >V,, :X v^ 
52 or 53), then the Class 2 S.M. 4 ta is completed with three cards of y 
th following format* . ‘ *v v .Vy ‘ 
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v; 




M 


' : : i i *- 
■ «|«: • 

-•* I* 1 • 

! • 

. | \ i 4****** i 

y *Kd : 


it - «i*r. 


«* {*4 * ***t» ■< ■* 

i ElB.fe 

£10.4 

Z10.6 

.Eld.4: 



lEitk-fc 


“v i‘’ ‘ V V*;- 

--y r.-Vy ’ 5 ' ;V 




if/;*-? v 


Bgggggggai 

. ••!•{- 

u s 




-H-i; 

* . 



, 1 » * 1 

; :. t r 

> s 

t a * if 

E10.6 

£10.4 

E10.6 

iEjuiU 

£10.6 

E10.4 

*. *..I 

*> ? • ! «* * jm- f k 

tJIsLy 


BCCCCtBCBCeEEECEeEGCSE:fti 


i. * 


» r TT^TITTT 1 4 . t . mI i i-i * Hoi ; •• * •* i ■* v'* * ■* « 

fil 1 ^k!) ♦. : 1 ; » > i j ft fly y 


Eio.e 


£10.4 


£10.4 


£10.4 


£10.4 


E10.4 


eie.4 


.fidti 


» 


r 


*i f • *<■.*■ 


* 1 *_ - 


•Vi,A5 . • 

*y^\C' 

) . .1 • . . 

■c ? v .:. ■ 


ir 


af 


fkd 




akd 


She self-inductance of the field winding (circuit number t 
on the direct aada (d-ax±s) of th« rotor), In per unit. 

The autual-inductance coefficient between the armature 
and the field winding (circuit number 1 on the direct 
axi s (d-axis) of the rotor), la per unit. 

The mutual-Indue tanoe coefficient he tween the field 
winding (eltcult number 1 on the direot axis (d-oxls) of 

th. ntar) «* «» dlr«t 

numbsr 2 on the direct axis (d-axis) of the rotor), 

In per unit. 

the self-inductance coefficient for the direct axis 
(d-axis) of the armature, in per unit. . 

* 

the autual~da4uotanee coefficient between the armature 
and the direct axle damper winding (circuit number 2. on 
the direct axis (d-axis) of the rotor). In per unit. 

the self-inductance of the direct axis damper winding 
. (cir c u i t number 2 on the direct axis (d-axls) of 
tha rotor), in per unit. , . 


4 

It 

* 


■V. 


. . 


“•'•iV 4 


Vi — 

-fy .v T; v - : • • ‘ • r • 

. •/J.f.t .’V- : *.:* : • 

- ~J .** y i‘ 

•? • - , * • 4 . # 

IV**' 1 *, * *^ * * * * » >. 

' &f.- v y .y Kate >. Plrect^-axls parameters » L fkd * ^ ^akd •‘V- ; 

xre generally a sumed to all be equal. But this ,y 
’ i^ not a constraint of the 3B&ERP code. Unequal 

fvj. ’•:•••'•' *••>: ’ ,~"ValJ mean be used. If avstleM* • ' . . ^'4 

= '• ..■ • ** ■ , ■. 


vy>: 




3 S tia 


frjab ting fwindinga on the 
diroot axis (d-axis) 

Numbering of winding# on tht 
quadrature axle (q-axie) 


I #1 — 

\#2 — 

f #i _ 

l *2 — 


field winding of machine 
d-axie damper winding 

q-axie damper winding 
eddy current winding 


/■ *«* 





; A . 



*.v ' f - • 

V 

Ur 


: Vi • 

> ** ■>. 

• • ■ ,r 1 





\ 


e 

" lh * dajap.r .mow 

of th. rotor)*' la p “ Mla <«-•**■> 

’ “•«*•*«* between th. 

rotor), la p . r upl*.t>* .) j .) , , ' “ “* 

^ Ptr^nS. quadrature axis (,-art,) th , rotor, 

t qualr ““" — 

e 

‘.a . l 

5he mutual-inductance coefficient h *. 

tb/roto?),^'.^.*"" “* , 

^.^rtf -lnductM Q, of th. eddy-current winding 

(£*•> ... 


IN ZERO 


& aV , ^ V » 1 * • 






■; ■ •■ 


■: Jt ’• *, . * 


- ISjtjM, a 

!?i\! y *“ conn#ct ^ ma °hine, this 
IStJh 1 ? fl Jf 3ala th ® statue of the 

tTg2 U M, °* U ‘ r * 1 °“”««ou 

t I ®, closed 

I * ^S^etritch open 



# utrml of* 
*/•- 

conn cttd 
Amfttur# 


5SS« * Quadrature-axia parameters L , i 

"aka * re generally assumed ** #9 ° 

“J 1 * But thia ia not a 

constraint of the EMTP code. Unequal 
values can be used, if available. 9 


' - fr 




# 


. • X Zero-sequence reactance, in per unit* If this is unknown, 

0 . it is suggested that the same value as for x tt or *X| 

be used* See note below* A 



13 . . . Armature resistance, in per unit* 

a .. n 

H —— Resistance of the field winding (winding number 1 on the 

. direct axis), in per unit* 

R i-...-.. Resistance of the damper winding on the direct-axis (d-axis) 

w • of the rotor, in per unit. This is tyie resistance of 

winding number 2 on the d—axis of 1 the rotor* 




Resistance of the q-axis damper winding (winding 
number 1 on the quadrature axis (q-axis) of 
the rotor), in per unit. .. 


Resistance of the eddy-current winding 
(winding number 2 on the quadrature axis 
(q-axis) of the rotor), in per unit* 


■ R *—* The real part of the neutral grounding 

' impedance, in per unit. See-note below. 


X — The imaginary part of the neutral 
. . grounding impedance, in per unit* See note below. 





Note x X 0 . , R n , and X n have meaning only if 
the machine is Wye—connected (no ’’DELTA 

.• , COHN ECHOS” card), and if variable "INZERO” 

. , of the preceding card la aero or blank. 

; :-Vv Otherwise, columns 1-10and.61-S0raay.be 

‘■l :h'• . left blank. . . 

•'» ’ i * • I* ' 




Class 4 S.M. Data cards 




. Next in order of data input come the mass cards which contain mechanical 
parameters for the shaft system. There ia to be one such card for each mass,*' 
punched according to the format immediately below. In number, there are "NUMAS" 
such cards (see 1st card of Class 3 data, columns 1-2) $ ordering is actually 
immaterial (the mase cards can be shuffled), though it is generally clearer to 
stack such cards in naturally-xncreasing order of the mass number "ML " . ' 


e!xtrk$ 


CIO,* 


HJ 


r. 


EiO.6 


deu6mpi 


Eld.6 


bMur 


E10.6 


HKto‘ 




#if3351s[ 


; 

1-1 • * 

M 

■s 


ML ——— The mass number, to be punched in the field of columns 
1-2 using 12 format. Recall that masses are to be 
•, : numbered by the user beginning with number one on either , 

•. / en< 1 of the shaft system, rod continuing sequentially 

i’ •*’ ■ ( 2 , 3, • ••• ) to the othei end. See Figs. 3 and 4 st 

the very beginning of .Section 1.62 • 

SX 2 RKS —— Punched in columns 11-20 (read Using EtO .6 format) is 
to be the fraction of the total external mechanical 
torque which is associated witi this mass: 





Generator t For a generator, enter the fraction of the 
total external mechanical torque of this 
shaft system which is applied to this particular 
mass. If a pump, enter-a negative value. 

Motor : For a motor, enter the fraction of the total 

external mechanical torque of the shaft system 
which ia developed by this particular mass. 

If a pump', enter a positive value. 

A constraint on the "EXTRKS" values is that the sum 
of all positive entries for the shaft system must equal 
unity. Another constraint is that the sum of all . 
entries must be positive. 


The moment of inertia (WR 2 ) of mass number "ML" 

read from toe field of columns 21-30 using E1Q.6 

This is to bs in units of ’ f . , X 2 T 

1 million pound-feet J 


is . 
format. 



The speed-deviation self-damping coefficient for mass 
number "ML" is read from the field of columns 31-40 
using B10.6 format. By definition, 

T i - DELDMP (lu -U> a ) 

where T. is this particular damping torque und r 
consideration for mass number i * ML , U> is the 
angular velocity of mass • 1 , and iv is the synchronous 
mechanical velocity fof this shaft system. 

Bata is to be punched in units of 

j\pound-feet) / (radians/aecond) 1 






HKCO 
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The mutual-damping coefficient i3 to be read from 
columns 41-50 using BIO.6 format. This pertains 
to the present mass (assumed to be number i « Mb .» 
and the mass with the next higher number ( i+1 )• 

The damping in question i3 a function of the 
velocity difference between the two masses: 

T » DMUT‘(<JJ t - U-> 1+1 ) 

The mutual-damping coefficient is to be punched in 
units of j^(pound-feet) / (radions/second) J 

The spring 'constant is to be read from columns 51-60 
using BIO.6 format. This pertains to the elastic 
connection between the present mass (assumed to be 
number i * ML ) and the mass vith the next higher 
number ( 1+1 ). Units for this data are 


UJUJL UO JLWA UUXwi -- 

(million pound-feet) / (radian) J 


The absolute -speed self-damping coefficient tor this 
mass is to be read from columns 61-70 using E10.6 
format. By definition, 9 x 

where fi is the associated lamping torque on mass 


where is 

number i 
of this mass. 


a aSSOCJU»b«u Acuuy.fc^e> -- v 

and bu. is the angular velocity (absolute) 
Units 1 for this data are 
(pound—feet) / (radians/second)J 


It will be noted that fields W end "tt00» contain^-hl^ 
really does not belot^ exeluslvely to Brass men e , th e highest- 

n^^rtZher^TlSn, 1 ^;. twTflelde hare ho nooning, end 
are to be left blank* . * 
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.Class 5 S. M. Data Carda 

bS’ iS t0 b « f p^hedTco^di^ tVS^T^f 16 specifieati ^ 

s=~ sos ss^f^-sr 

^•dch Is used for both prtntw b * a *£;* ofth ® BMP output vector 

otherwise noted below, lat M Th , e request scheme, P unless ’ 

leave blank, or punch a zero, if no 
such output la desired; 

• ”2" ^ or ou tput in per unit: 

punch two for output in physical units. 


*”* I I 


JIT 


m £ s i t 


11 


EfBiEBBHBHi 

fr 

< 

|P| 

!&■!]' 

hlMAsi 

' 1 

x- 

H* 

ggni 


13+UfrAss .... 13tg*ur<ws ,s .T 


..Speeds,; Wt, 

■ i '< LlMt&S 

i ; 

9 Hill;;.;. 


i Tor 

i 1* i> ^ LlMss-lJ 

3H11 


JPAH 

1 


JMIO 

2 


Plus the mechanicaAata of the shJff 0 ^ 63 *“* resia tances, 
steady-state initial!™^ shaft ^tem, during the 

in Per unit only U >*“*"*. Phis is available 

Mneumonically the "PAR"^!!?^* 111 not h , e hon ored). 
"parameter” . j ™ ot the “»• "M" comes from 

j 

Controls printout of tho ■irn+■».»■» ■, 

synchronous machine whLh t ^l Condition3 for this 
steady-stats pWr’n^\ , baSed 0,1 «» EtttP 

tha "MO" of the name "Jlnc” 1 "™' ' faeuJ "!! lo “ :ll f > 
initial conditions''. comes from machine 




1 


JID30 

3 


JFX 

4 


JD2 

5 


coordinates ^(^otatiL t ref ?iraatUr ^ Cur f ents in 

step loop. Mathematicall^^the not™^ ’ Wlthin the time- 
variables is i £ iiy » the notation used for these 

are used *>*.*, S * 831 ^MTP names which 

S * f° r ^ ^entifioauSn-are (aU A6 format) 

Q : «* 10 "• Sue *Uo dol. 41. 

JJStaTtSiS SbSTS S.T fleld of 

Mathematical notation for this ia *\ direCt axis ^* 

v*ioh la used for output ideatifioa&on la njf® H™ e ’ 

ors^'SdVfd 

-K£2«^ 


notation for the currtntTs x 
which is used for output identification^ »ikd n 


the SMTP name 
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M 

Control* printout of the cunint In the ^-wis t’: 1 

dancer winding (circuit numb r 1 on the quadrature 
Mia (q-axia) of the rotor). Mathematical notation 
for thia current is i» $ the 0W?P name etiich - 
tn need for' output identification ia H I0 


Controls printout of the current in the eddy-current 
winding (circuit number 2 on the * 

quadrature axis (q-axis) of the rotor). 

Mathematical notation for this current is i k - • the SHE 
name which is used for output identification Mb "IKQ , 


Control a printout of the voltage which is applied to 
the field winding by the exciter. This will be a. 
constant (do) voltage, unless the user explicitely 
specifies a connection to TACS exciter dynamics as 
part of the Class 6 S.M. data cards to follow. The - 
field winding is winding number t on the direct axis 
(d-axis) of the machine* Mathematical notation for the 
variable in question is, v. ; the EMEP name which ia , 
used for output identification^ is "VP " . • 

. , ’ . * . - *» 1 

Controls printout of the net externally-applied torque . 
on the machine rotor. This will equal the ■; / 

electromechanical torque of the machine, except ' ; 'V 

in cases Where there is also an external mechanical „?. 

torque which is applied directly to the machine rotor ,4 • 

(e.g., the case of a single-mass representation for the 

shaft sjetem). More precisely* it is * a “ ? e *d»ich 
ia printed out . The BfTP name which is used for output *: 

identification is "TQ CEO" The sign convention is 

ouch that this torque will normally be positive for a i ; : 

generator (in the steady state). ; ■; 


Controls printout of the net extemally-app lied torque 
on the exci ter rotor. Thia will equal the electromechanical 
torque of the exciter, except in unusual' edo.es where th re 
nay be an external mechanical torqhe applied to. the 
exciter rotor. The SHIP name which is used for output 
identification is "TQ EXC" . The sign convention 1* 
such that this torque will normally be positive for a 
generator operating in the steady state. 







Controls printout of the. machine armature currents in > • .• 

phase coordinates (actual coil variables), within..the ,;ft' 

time-step loop* Mathematically, the notation used for 
■these variables is l a , 1$, , and i c } the EJffEP names 

which are used for output identification are (all A6 
...format) "U ", "IB ", and' "IC ". • 

,Bee alto variable "JIBCC" of column 3, which also provides 
for armature current output, only iai d-n-o tiboxdinatas. / 
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Controls the printout of the machine flux; or » re _ ' . '» 
precisely, of the magnetomotive force (MMF) which drives It. ' 
If this output is selected, two KMTF variables are produoedi 
one for the magnitude of the flux, and the other for the 
angle (see sketch at left). The EUXF names which are used 
for output Identification of these variables are "MFOBCK" 
(in ampere-turns or per-unit) and MANGLE (in degrees or , 

• radians} radians.is per unit), respectively* 


The It field of column" 12+1 controls printout of 
the mechanical angle 0^ ‘’of mass number 1 , for 1 
being a positive integer which do sa not exceed "LIM4SS” . 

Fbr a definition of "LLMASS" , see one paragraph below. 

The n 1 "-punch far per unit will produce rod lane, while 
the "2"~punoh for physical units will produce degrees 
(aa. the units for thin output). The angles in question 
are all Moomu-ed with respect to a synchronously-rotating 
reference frame} they will be constant, then, for the case 
of a machine which in operating ,in the sinusoidal steady- 

state. For an unloaded machine which 13 operating In 
the steady state with no exton ally applied torques and 
no losses, all angles would equal -90 degrees. 

The iiStffP name which is uned for output identification 
of the angle ©^ of maos I la ”ANC 1 " . 

For example, the name associated with the angle of mass 
number nine is "ANC 9 " , while that for mass number 

thirteen is "ANG 13” • 

; 

"XiXMASS H is the program limit on the number of mass e, a a 
determined by FORTRAN dimensioning of the SMTP, Unifies 
altered locally by Program Maintenance (for Instructions, 
see the end of Section 1.62 ), this will, be equal ta 10 . 


The H field of eolumn ' 12 + + i controls printout} 

the angular velocity ' of mnsu number i , for i 

being a posit!vq'Integer that does not •exceed "LlitASS" .. TM 
output la oimply. the derivative of the corresponding 

which has baen described in more detail Immediately above. 

The M i w -punch for-pur unit will produce rath iuvs/aec j 
while the "2”-ptmch-for' pby si unite will produce 
degree ss/qec (ah the-.uni.to iar this output). The EWPP 
name which i.j used for output identification of the 
mechanical angular velocity of mass X is "VEL I " •« 


%i+1 


V'-v;, v 
’«! Vj'S‘ a ' t ;S:S■ 




The II field"'of column . 1 2+ 2*L3MAS3 + i controls printout 
Of the torque on the. .aliaf.t which connects mass number i 
with aaas number .i+» , . for i a positive integer 
that does not e^peed. . one less than "LIMASS" . The 
fflTP name whioh is used for output identiiicasion of the 
shaft torque in question((between mass 1 and mass 1+1 ) • 
is "TOR I » The “ "2"-punch will give pound-feet . 


3St 


3bT 


•. ’ '* . * 
*• '/ 1 i': 11 

. . rtf 


I 






r- 


For EMEPP output and plotting purposes, the just-d lineated output variabl a 
are actually identified by a pair of 6-character names. She second naue (lower 
same of printed pair) identifies the variable type nneuaonically, as documented 
above. The first name (upper natae of printed pair) identifies th generator 
is question, in order of data input. Per em^le, "MACH 3" would be for 
•, ,V the third machine (assumed here to be a single), while "MAC 2B" would be 
i: for part , "B" of the second machine (here assumed to be a dual, for purposes 

of illustration). A specific example of such column headings cf printed EOTP 
time-step-loop output follows: 

hsasinss to* r*e n enr* output vAnim** rouow. • these toe ei>r ?»"3 tcccpaiNSTc tht five 

» tJUT 90 T«V 4 "tJ"ie CLASS'S. AS PitLOVS .... 

OUTPUT VAPXA01.ES AVE Sl.FC:*IC.-‘;-TWO*< M(>.1£ VDLUSeS I^ITH -*fjf' , ':T TO I.JKAL S*0U>ntl 
o 1 aurpat Auers ^ ^-asc* yoltaou <volt/.?,.? *<:**■ -umis ioctags or ncofu 

$ output A 3 uss a**- s'iuch :u^»rnr*; ?•*£ upp?* hoje to t** icw*rt: 

*3 CUTOUT /m»IA0L£S PUTi*H to tiYWIC SthCHKCttfHli wrr* ttE>»-»ATF0 I*TcKWAcUYt 

"H *cwt»ur <>hV:A 3U5 PCLOWO TO # r ACS * ixuXK tMt^MAlAV-iJOEG ?-•"»** HmF ar 

>JW£V CCtf$UMP7XUM <RGW** now. If A SWITCH 15 T D .CATWtA »*PANfl C FJR THIS 0»CU<»lNC« 

: *R «*<*"* ENEPGT eOhSUHPTtg* ISM«ft3Y flCM, IF A SWITCH) XS T^EATFC) U** A il&ANCM CURRC-iY fO» THIS C30UFIN0., 


*>,onu 

i u T* 


12 < 

*fe<t 

0 

45A1 

3 

' utxt 

” 0 * 

i’VASwH t> 



\ 

\ 

$rc» . ,;Tl»t€ C t 

B 2 _; 

v.r 

;V a 3 \ ' 

; C 3 

el 

.. 7 . 


ct 


‘ : r ' « ’. ’A% 

RH 

CH. 

At 

n i 

CJ 

. MACK 1 

MACH 1 

MAC 

h, 

j •. . ^ ’ ■ . 



. . A 2 , . 


02 .. . 

_ 10 _ 

_ 10 __ 

_U 

r 

MACH 1 

MACH I 

f^CH 1 

MACM \ 

u ACM \ 

MACH t 

KACH 1 

HACH I 

MAC 


... ._; .IF 


.._JG_ 

IKQ 

.TO G r N_ 

U _ 

_ _ 

_ _ tc 

_AMtt 

r- 

; HACM 1 

_ 
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Alternate expanded format for Class 5 S.M. data 

An alternate format to ■Shat which has just been presented for Class 5 
" S.M. data is available* It is less compact (usually requiring two cards 
. rather than just one), but Is more flexible in some ways, as shall now be 
explained. 


. V 


1 First there is to appear one c&rd which bears a 6-character key word, plus 
the first eleven variables of the original compact format: 






.aLSlal^ 

rrgsryrrrry^TeTS 

52233 

;§•: 

TyJ 

ii5 

! t- 

!i:. 

* 1 

** r 1 

JE 

frt 

; *i; 

: *4 i 

ai 

;g 
►*» | 

1 ! * ;• 
Jt' 

- ! *W 

: * nl' 

• O ’ 

: ; #-) 

1 „ ', 

:cr 

. t~, ■ 

tyi 

thr • 

i 

:; 5i 

ml! ; 

.*hi 

tu 

l! l- 

IU 

! w> ■ 

hs 

AG 

: t** 

; • I* 

( ♦ 
M" 

IS 

: I^ 

..is| 

1 

•:i5 

IS 

IS 

IS 

Iff 

i 

! IS; 

| IS.: 

IS 

IS 






TEXT 

1-6 






,:«£ ,p.•hj. V'’ ’- V. • t .■' , 


6-character key word, for which there are the 
following three options; 


"AIL 


if all possible shaft variables . ; 

(angles, velocities, and inter-mass, 
torques) are to be outputted. 

All such shaft outputs will., either . 
be' in physical units, or all will be 
7 in per unit; a mixture is not possible, 
when using "ALL" . The units to be • 
used will agree with the right-moat 
nonzero punch on the card. For example, 
there will be agreement with the 
"JIABC" choice, if column 65 is v-' 
‘.punched nonzero. ' • 










35u 


N R0S8 

"rnioiD" 


it no possible shaft variables 

*** to bs outputted. 

* 

If selective output of shaft variable* 
li dwired, as specified on an 
extension (continuation) card tc^ follow, 




(>«gtnnlng with W of column. tl-15 ) 
horo. V *'* nl1 '* “ PW 10 U.U, th„ rt«u not b, a.fiood i^L 

•> ' * I 

then the luS^eeiribJf^Jll I!*!punched equal to "HOKE « or "AH, « 

Bit should “EXTEND” be punched lnstead^th* 11 °* ** Cla ® 8 5 S * K * data 
to define the desired ahaft^tjjt wtitlw?* 11 * ** U Card aust foUow * 

B3332 



| S^tWs.. io.ij * 

;i * \l '< UMA&sl 


j Shaft topees V* 

I 1 ? i * .blMMS.-l 

, II! • format 


° f *“ * TO to. M , „ brf# „. 


Class 6 fl .M, Data 

between the oa£hl£e°tLder*o^Sidemtio^^d' eaS **S rib8 *** interface connection* 
one or more such cards of Class 6^a 2’f^omf ‘ *? * ener ^ *>rmt for the 



G&SCCGS 


Seosi 


I4V 


TJT 

,.hb: 


Buie 1 


exciter^dynamics^ioh^have ^ Chin ®, i f *° *• controlled by 
tho fouoi^rn d “ ,i “* *« 


KX 


BOB 


request far the Col V“ ns 1 “ 2 » «® e Special * 
request for the exciter connection. 

~ r° e of a 1X03 variable la to 

°® Punched in columns 3-e.- mv, 0 . , , 

of this tags imJ^T \Tw ™* clerical value 

E&EP w ie e«!*2f b lf S 11 5 hen be us* 1 by the 
^ ly l. for tb. fl.ld voltog. r ofthl. 

Til ® TACs signal oust be m per unit 
Rotated b^ttie toiiaai oohdltlSS! ' ** Whatever ralue *** 


i , ,1 


p l 
'*? . 


<\/\ 


m- 

t 





Rule 2 i 



3SV 



If the total ext rnally-applied torque on the shaft system 
la to be controlled by dynamics which are modeled using TAGS, 
thftn the following card 1 g required: 


Punch '72 M In columns 1*2, as a special 
request for the TAGS control of mechanical 
torque. 


The 6-character name of a TACS variable is to 
be punched in columns 3~6» The numerical value 
of this TAGS variable will then be used by the 
EMTP logic as a multiplicative factor for scaling 
the otherwise-conetant (steady-state) torque 
values* 


Should the user want to code the logic of this 
TACS connection, but temporarily bypass any 
associated dynamics, he can use the name "UNITY " * 
Recall that this is the name of the built-in TACS 
source which has output identically equal to 1.0 . 

If no such card is used, the EMTP logic will simply hold the 
external mechanical torques on the rotor masses constant (at 
whatever values were dictated by the initial condition calculation) 


Rule 2a -’: If the field voltage vy(t) and/or the field current.,i f (t) Is. 

; . to be passed into TACS from the machine, then the following is 

required* There can be either zeroor-one, or two such cards: 

KK Punch "73" in columns 1-2 for field voltage v^ . 

* Punch H 74 w in columns 1-2 for field current i f • 

BUS The 6-character name of the TACS source whose value 

ia to be equal to the field voltage or current at 
each time step* * 


Rule 3 » If on* or more mechanical angles ©i , angular velocities , 
or ehaft torques f* of the shaft system of the machine are to be 
• passed into TAGS then one data card oust be punched for each such 
variable. Angles are in units of absolute radians (e.g*, 
increasing by 2^f every second for 60Ha steady-state operation), 

. angular velocities ore in per unit (e*g,,_ 1.0 for the steady-state) 

and shaft torques are in "peVunit • the data card format is: 



The ESIFP reads from columns 1-2 a code number 
which identifies the mechanical variable in question: 

/for ©i , punch i 

,, for 0)i , punch LIMASS + i 

for Tj , punch' 2*L1MA8S + i • 

► . « • 
the ESP reads from columns 3-6 a 6-character 
alphanumeric name This field is to be punched 
with the name of the TAOS source whose value, 
ia to b . controlled .by the machine variable in 
que tioa« 


35 W 

Bui.-.4 s Ordering of the different possible cards which hare Just 

been described is immaterial} they can b shuffled, without 
altering the result* 


Rule 5 s 


the end of all such cards as hare Just been described is 
to be indicated by a special terminator card. Field "KK" 
is to be left blank, and field ”BU3” is to be punched with 
the special word "FINISH” . Should this maobin have no 
connections at all to TAGS, then this •’FINISH” record 
alone makes up the Class 6 S.M. data. 

0233303 ' ' 

FtNISW 


Class 


S.M. Data cards 


is no Cl£s * aiJ * le (n °f “ "“hln., then then, 

dft?rZJL± £ u,1 ‘ c “ e ' th " " rINISH '' «"• of the Mom 6 i 

P U * he tUxl a » te «•» for this dynaade simehroneue machine component 

data iS 4 dual ”>»ohlne, then Clan. 7 

Class 3 through 6 data as Drev-in,islv liC +i? 4 -j°i. ? art B thf “ dual machine. 

CUss 7 dat^thsu is n^nrr^ tlu 4l0n8 I t0 ?art A “ «“ a «»l! 
Part B of the dual. Actually althllh *i J hrou * h 6 > onl 7 *• applicabl to 
Class 2 data, such mar In certain oaSf^^ 4 ”" i ' e '\ n0 “sntlon of the optional 
data can (and oftsn will) Y ,„ * applicable. Por epample, the Part B 

of Claaa 2_ before th. C?2L 6<,eln " ith a PITTING” cap 

will not noznallf be used Beoall +h»i th* 1 * thB other Possible . Claaa 2 data cap 
"DELTA CONNECTION” option for a du .1 ^.IL, 14 * 1 444 warned got to use* tbs 
rsany only has maanln?t£nioS^=*“"•<“«' "TOUSKANCEB" optloo 

presumably would notbe dsflnsd aloL «th 'p^t’a''”? “ V 4 ”*}* entity ( oo 
sod will provide for . .or. lo*£Ho2uonl£). ’ ,U1 °°“ e nrrt ' 


' °f * «t VP in accord 1th the ii 

previously-outlined rules), consider a single machine for which standard 

f data ^ype code 50 ). This e^pX is 

used in B.et, 15, and comes originally from reference number 53 of that publication 

sSine'staMii?!! “SJ ,,C r pariG ° n of Accurac J r ot Methods for 

« Stability, Northfleet Exercise," Electra, No. 23, July 1972, pages 

2v 49 ^ 3ca ? pl 5 lfl for a machine, then, rated at T50 MTA and 13.8, 

jcv^ with txi6 neutral connection of the Wys solidly grounded (IL. » X- « o)* 

The quadrature axis of the rotor is assumed to have only one winding, so this 
illustrated the procedure by which the user may employ a lower-order model. 

Note the PARAMETER PITTING" card with parameter PM = 1,0 , plus the 
relations X q a and = 0 . The shaft system consists of Just 

a single mass, and there is ho connection to TAGS for either exciter or governor 
representation. The "TOLERANCES" card actually has no effect, since for 
execution on CDC (as this case was originally tested by Vladimir in April of 
1977), parameters are merely being redefined to their original (default) values. 


>11 .3901 


31 7=7*7 

ci Wai 

TOLERANCES (.£-16 

parameter fitting 
i i 2 -i«ti 


,50.0., 


,-30.0, 


Twj) W 

(.£**• 15 U £-(6 

... .. T . - - • • 

t.0 150.0 


0.0014 
) ■ 5 + 7*757 

I 

EXTEND 

I 

FINISH. 


1.0 Ufl 150.0 (3.0 ‘ -600.0 

-i,a 

._0**75_(.05 1.76 0.2575 1.76 

0.05M42 <**3ti26flV 6,197565 

1.0 . 50.0 1.0 __ ’ 

i ( i tiii.fi 7 

I I !. . 


633.0 


0.16 


For the record, it might be reasonable to also list the machine parameters in 
mathematical notation, Por this case, we have: 


.0014 p.u. 
.2575 p.u. 


T*j 0 “ ‘051142 sec 


% .= .175 p.u. 

. X^ a* . 18 p.u. 
AGHNE a -600 amp 


= . 1.85 p.u. 

r do * 5.74757 sec 

X = 1,76 p.u-. 

q . 


Originally unknown, for EMPP data, purposes this was punched 
equal to , la conjunction with the "PARAMETER PITTING" 

request. This signals to desire to use a model with only 
"one q-ax±s rotor coil, recall. 


X* m' ,18 p.u. 


T* s’ 0.0 
qo 


also part of the 
"PARAMETER PITTING" choice. 


.382609 sec 


.* .197985 p.u. 


• A field current of 600 amps will produce at rated'speed 1.0 .per unit voltage . ' ': 
bn the air gap line. This is'the absolute-value of AGLINE .. The minus sign 
. signals d-axxs saturation, with 680 imps *>31 giving rated voltage, and 9^O' ampa 
* S2 giving ISO# of rated voltage on the no-load saturation curve. The value of 
. AGLQ a .it.O on.the following card indicates that q-axis saturation Is wanted, 

though data is not 'available .{so the EJfiP is to generate it internally, approximately), 



. ; ^3 . • ... 

Ad a second example of SMTP S.M. data, consider the Navajo machine 
as it was represented in Reference 18. The full problem has been 
preserved as UTPF Test Case #90, from which the following records have been 
extracted for purposes of illustrrtions 


50GEN ‘ A 21229V-.MJVOr-=4AV89656?' 

SE!i 1 my 

>lerances* i.r-16-ivE-isr—*r 

' 5 * a0 1.0 892.4 


tolerances 

• 6 5 


•.c4906 
1 

2 " 

3 ' 

4 

5 

6 ' ~ 

11 I 1 

FINISH 


h 

r . E - 16 ' 


26.0 


0.13 . 

1 . 79 ' 

i.n . 

0.18977 

0 . 35962 " 

0.04238 1*6 

0 . T 1782 ' 

~ 0.130 

0.30 

0.027691 

0.0 

0.0 

0.26 

0.046379 

0.0 . 

““ 0.0 

0.22 

0.255958 

0.0 

0.0 

0.22 

0.263573 ' 

0.0 

0.0 . 


~ 0.258887 

0.0 .. 

0.0 . 


“* 0 . 0101995 " 

o ; o \. * • 

~ 0.~0 

i 

1 

1 m ' n r 


— 


__. ! 



irt?70* 

I 

0.40024 


0.13504 


0 20029 


33.66816 
JS0.95910_ 
90.81823 ' 
123.66340 
4.925036 " 


5 W^SedT** eleCtri<Al m be seen 


R a 

rpH 

do 


0.0 

*18977 p.u«. 
•11782 sec 


x q * -40024 p.u. 


JH 

qo 


* -13 see 


X d 


*i * 

X o * 


.13 p.u. 
*13504 p.u._ 


.20029 p.u, 
.13 


*do 


T* 

qo 


1.79 P-u. 
3.24906 sec 
1.71 p.u. 
.35962 seo 


^ ^ C ^hi^e d noS h has e the U fSi aolid1 ^. (i.e., 

& e m«;. plus ^ oa each *** 

number "s^aSTSl IxoliTr "l*** "SHitS^ f* e 1 enerator rotor bein * 

is divided among the six masses accord ™ mechanical torque 


i»*!ass number 

1 

2 

3 ’ 

4 

5- 

6 

fractional torque 

.30 

.26 | 

.22 

.22 

0.0 

0.0 


aiviutJfivS or inertia n-f’ 

in unit- at -h TV of the ro ’ cor masse: 

million pound mass — feet2 ; 


.02769 

i—**" """*>■ 

.04637 

.25595 . 

.26357 

. .25868 

.Q10T99 

i— - 


speed, nor sneed devT« + r P ' ng at a11 111 this P- 
1 speed-deviation, nor mutual damping. 


,n 














*>| vfl 4 s 0‘*V ** 




TV './ ■*. •••■ 1 




■ ■ • •'• '• _ ... 

The fire springs which interconnect the six masses of the shaft system 
have the followirg spring constants, in units of million 
pound force - feet / radian* j ». 


Messes connected 

1* 2 ; 

; 2,3 ; 

; 3,4 

4,5 

5,6 

Spring constant 

' -’ -. r . i 

33.68816 

60.95910 

90.8182 

123.6634 

4.925036 


•V. \ 


The 3-phase base power of the generator is .892,4 MVA , and the base 
voltage (line -to-line) is 26,0 kV (nfts). 

A field current of 1970 amps will produce at rated speed 1.0 per unit voltage 
oh the air gap line. 

The iron of the machine is assumed to be linear (there is no saturation 
modeling, since A.GLINE » 1970 is positive, and the following data card 
Is blank. 


: i 


' Aa a third example of■EMTP synchronous machine data, consider a dual 
machine in *hich the first hc.if has a connection to TACS. This is part of • 
OTP? Test Ch.se #87. The two halves of the dual, are identical, aa documented 
on the following data cards: " 


53 "GENA 
GENfl 
• GENC 

TOLERANCES 
9 S fl 2 

" 1.624 r 

100. . 

15 


v 21228.9 "' t 6Q . 

\V 3 \ 

»♦£-16* 


f •.. 

f.EHfS 


22ao" 

V n i n i -1 . n“* 


3 

iVE-tr 

710* 


' 1.505 
1.505 

.0264 

.274-7 

2705 

.2274 

*2274 


»/, >. n • 

U'/-' - 


'1.505 
■■"1.505"“ 
.00085 
.0)466 
.0326"' 
.1799 
.1799 
.221 ~~ 
000768 
.00787 


1.726 
1.72 5 * 
.0119 


26. . 

1.505 
1.-505 
si • 0 
911.36' 

■■ ill A.48 
10064. 

1 i 18*22 
12623. , 

1193.45 
.1193.45 


j 

\ gwiicsk * 


2000 . 

1.546 
■" 1.567 
*0119 
135.26 
•192.04 
.1.79.09 
84.48 

•118.9 r 

170.19 

56.71 


^ wiicjh 
- open 



100 . 













' V " 

9 

111 II 
71VFLD ^ 
72UNITY V, 
3ANG 3 ( 

13VEL 3 J 
FINISH 
9 5 8 2 

1.624 

100 . 

.15 

1 ' ■.• " 

2 

3 

4 .. *’ 

5 . 

6 ‘ / 

7 ; '..- 

8 

9 

111 •— | 2 
. finish 

In 

to 


•00391 

000675 


1193.45' 


42.39 


2 6 

TACS 


i mu . i 




<>A *t 


Pari 'A 


o^ . (ht-dj 


. Sri. 

f n 


'1.505 
1.505 
.0264 
'".2747 
.2705 
.2274 
” 2274“ 


1.505' 


720. 

T.726' 


26. 


2000 . 


1.505' 
1.505 
1.0 


1.505 1.726 

*00085 '* .0119 

' .01466' : 91 r. 36 

.0326 1114,6R 

*1799 . ; 10064. 

‘“.1799 


.221 

.000768 

00787“ 

.00391 

.000675 

I 


108,22“ 

12623. 

119J.45 
"T193.45" 
1193.45 


IIIH 


•".1.5*46" 
1.567 
.0119 
“ 135.26“ 
192.04 
_179.09 
89,98" 
118.91 
170.19 
"" 56.71*' 
42.39 


V 


100 , 


t 


mathematical notation, the following electrical parameters will be seen 
have been use! for each half of, the. dual: 


\ 

* .0264 p.u. 


R t “ 

.00085 p.u* 

R 

« 

» 1.0 p.u. 

\a 

* % a * 011 9 

P- 

Uw 1 * 




\f 

.^ag ” *akd 

se 

Ii , '» 

akq 

In, , , T| ja 

fled gkq 

1.505 

p.u. 

L d 

* 1 » 1 ..726 p. 

,Ua 





T 

JJ 

0 

« 0,15 p.u. 


hr 

1.624 p.u. 

Ii 

Z 

* 100. p.u. 

\d 

“• -1.546 p.u. 


'*4q * 

1.567 p.u. 




fu %e '= d ’ "f * of <*.. neutral connection 

. neutral f wtt = h '^ °P«»« 0» 

(synchronous mechanical speed-is .3600 rpm )T c lrte ras two polos 

° 7,0 MVA ’ “***>»>«.• ' 

on the aS^jTlSe/^Jra is’n’^ prod “ <:e at »‘ed.speed ,1.0 pep unit voltage 
P Ther - e is no m.-gnetic saturation, for .either .axis. . 

rStor! 8 ' °f *. U th * sxcitet ' ■ 











There is no self damping Of the masses —— neither absolute-speed nor 
speed-deviation; but there is mutual damping, as shown in the second 
column of the tabulation below. The first column gives the mechanical 
moment of inertia; the third column gives the spring constart; and the 
fourth column gives the fraction cf the total externally-applied mechanical 
torque which reaches each mass. 


Mass 

#K 

hj(k) 

inertia 

10 6 lb -ft 2 
m 

dmut(k) 

mutual damping 

lb^-ft-sec/rad 

hkoo(k) 

spring const. 
10^1b f -ft/rad 

extrks(k) 

fractional 

torque 

1 

. .01466 

911.36 

135.26 

.2747 

2 

.0326 

1114.68 

IS 4.04 

.2705 

3 

1 .1799 

' 10064.00 

179.09 

.2274 

4 

.1799 

"1118.22 

84.48 

.2274 

5 

.2210 

12623.00 

116.91 

0.0 

6 

.000768 

1*193.45 • 

170.19 

0.0 

7 

.00787 

1193.45 

56.71* 

0.0 

1 8~ 

‘ .00391 

1193.45 

[ 42.39 

0.0 


. .000675 

, S 


! irr _ J 

1 

0.0 


It will be noted that four connections to TAGS have been specified: 

a) Hie voltage which is to be applied to the field winding of 
the rotor is given numerically by a TAGS variable named 
"VFU) . This would be the output of an exciter, which 
had been previously defined as per the Section 8. rules. 

b) The scaling factor for the total external mechanical torque 
is given nume rically by the TAGS variable which has name 
"UNITY " . Recall that "UNITY " is ft built-in TAGS 
source which always has value 1.0 , so this TACS connection 
really has no effect (it could be omitted without affecting 

. the result of th. simulation). 

c) The angle of mass #5 la being passed to • TAGS as the numerical 
value of the TAGS source which has name "AND 3. '* « TACS 
data must include a Type-92 source with this name, then. 

d) The angular velocity of mass //3. is being passed to TAGS- as 
the numerical value of the TACS source which has name "VSL 3 ” 
TACS data must include a Type-92 source with this name, then 
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How tn Increase the Limits on Haagas, Generators; Output Variables 

As of April of 1960, the SCE EMTP S.M. cole is still fixed-dimenaion, 
with array storage much ait originally supplied by SOIL But various chungeo 
have been made within the body of tho code i**> * hat the alter*., lion of such 
fixed limits is now atwi^itforwa- d and ir-rp j e, It is the purpose of the 
present section to document how the (iltr.en.-ii'.ne't limits for mna&ocr, genorntor 
busses, and S.M. output variables car; bo changed by Prograw Maintenance, 
should this prove to be necessary. 

. First, consider the role of Liot ft 17 ;pt' EMTP variable dimensioning (a*' p 
Section 0.6 ) . -Prom this the user might get the idea that the S.M. cod« 
ia.already variably-dimensioned. TV it thin flu not, so! Only the interface 

vectors with tho electric network have been r ;on mode flexible.' The S.M. code 
proper remains fixed-d immeion, which i’orceo. tho uncr to bo conn latent. ! lh« 
number of dynamic S.K.k ns roquea tod in List // 17 must always equal the 
number for which the rhnchlne code proper Ivin been dimensioned by Program 
Maintenance, If not',' execution will ho terminated during the S.M. data 
input (HTTP overlay number 5) by meanrt of & special, temporary "STOP" 
statement. See Message 42 of Section i'b . • .; ‘ 1 

* - i 

In order to change the maximum number, of dynamic S.M. KMTP Source 
components, Program Maintenance need only JUjcrvamo tile appropriate dimenuiorju 
of numerous army3 which ora contained in the Libeled common block which in 
named /SMASH/ . A so—called "dun! .unchine" in roiilly two machines, in 
terras of this counting. Uoing tho no tn L i on Twhc.ro letter "G" signifies the 
number of individual machines, a dual then Contributes two. i For exa.i;;»io, to 
allow .for a maximum of 3 dual machines and 4 single ones, orto need:,- "G" to 
equal or exceed 3 * 2 + 4 * 10 . Thin same dimonnloninf? (G«10) won id 

also allow the running of problems with 10 Kingle machines and no duals, or > 
•dual machines and ho singles. I.o., it la only the total number of individual 
machines which is constrained, thurk-n to a recent modification by Vladimir. Aa 
Of April of I960, the UTPP (with "Yu??." idorita) has G « 4 . 


A similar statement cun be roads,' for a change in tho maximum number of 
Binnses which are part of tho shaft system of each dynamic S.M. in tho system. 
Using ! 'M" to signify the .muxiaaim number :<jf mousey it it* »••»?« that some 
arrays use just "M" while others u«e twice -thin figure ( 'VM" ) . Army 

"ISMOUT" ia the gross exception, with the first subscript being 

equal to 5.® 3M.+ 1& , " Geo also two pamgmphB below, for 

a final qualification. Then too,, it might be appropriate tc. give a word of 
caution about simulations which involve; machines witn u large number of connected 
masses ; one component of the numerical solution effort, for each time stop 
depeilds on the square of the number of mnaaoe. ' Persiarge numbers of masses 
( B *g*» 40 or . .90 77 this should dominate, and total problem solution sur.r. 

should be choked down accordingly. Koto also. that, total storage requirements, 
have a component which in oror-ortiorvil. to the square of the dimensioned limit 
for masses. Hence, us-*; Sui-.ifmi.mn when' iitcr^aaing-thc dimensioned limit on 
the,number of rotor mru-u^n of dyruin;.tc G.M.w ;• ' 

" i? ;"*• 

A final fixed dimension of tho G.M. code whthe user might wint to 
alter ia the maximum number of S.M. output quantities (the total for all 
dynamic S.M.s of the problem), ':ti tho* list below, this dimension baa 
been denoted by ; lr , the Fa.! I of 1977, the UTPF rind P 78 . 
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Arrays "AMACH” , "A1MACH" , and "TFMP” areahown in the tabulation 
below as being dimensioned w 2M tt , whleh is correct as long as the maximum 
number 0 / masses ”M" is greater than or qual to seven* Bat for H < .6 
the ”2M” subscript of these three arrays must be changed to 14 * 
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It might be mentioned that all appearances of the labeled canon bio k 
/SMACfl/ are identical In every respect* this is because all eons from 
the same master copy, using an exact card-image reproduction. Hence, if one 
is searching for such records using the editor software of a computer system 
which does not have "deck” capability (e*g*, IBM, Honeywell, G.J3* Mark HI, 
or telefunk«J7 as of October, 1977), he can count on fixed, absolute column 
positioning uf all characters* At least this will be the situation with the 
EMTP FORTRAN as generated by translation (S/T execution) of ths OlPf? if 
local Program Maintenance should upset this property for some reason, that’s 
their problem!; . 
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Ok, eo here is the long-awaited listing of variables which make up 
COMMON /SMACK/ , in order of their FORTRAN appearances 
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F..* ;/ 
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VV;*,i 




COMMON 

COMMON 

COMMON 

COMMON 


/SMACK/ 

/SMACK/ 
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/SMACH/ 8 ttS 3 M(P ), 80SSMAC0 ) '• 

/SMACK/ 5 BVA(G ) , SBVObTCG J 1 OBOMGAtG ) # SSCOMCC > f 
SttlAECG ) * SBIMPDfC ) i SBIMO^C 1 
RAW >; me ) , NKOCC 1 , «0<0 1 # MKOCO 1 / 

rn(<s ) , Efcrtc > , KtArcs j , SbPttstc ) ) - ; 

EL 6 <G) , EhAMOIG ) , E6K0<G ) ,“Efc<HC > 

/SMACK/ EtiA&tG ), ELGKCKG j 

/SMACK/ EbQtC J , EtiAKttIG ) , EbKQ(G ),EbO{G ) 

/SMACK/ PBVO&TtO ) , ra&fntG J , fSXHPOtG f , FBIMOXG 1 ;,. ¥ 
/SMACK/ FBMttf <0 }, BXORKtG ), VSMTOfUC 1 
/SMACK/ BXMEMf<G ) , 8 OAMPC 6 > , EXfKMSCM »G ) ■ 

/SMACK/, HJ(M',G 1 , 0<K ,G’J ; OMOftM ,C ) , HKC0(M ,« ) 
/SMACH/ SMOlfTFtG ) , SMOOTGIG I / * 

/SMACK/ AGI*tNE(G ) , SA*iO<« SATI2(G ) 

/SMACK/ 0EI»0MN(M ,6 ) • ' ■' 

/SMACK/ f0R0CM # ,G ) , THETA(M ,G ) , OMGAtM ,G 3 , 0O,G ) 
/SMACK/ «0WHn«~r# TGMCC it OMGAKUCG )» TEXMCG > . • 
/SMACK/ ClilM ,K ,6 ) i EI2(M ,M ,G f , E2HM ,M ,« ) ;.l 
/SMACK/ ESalK ,K ,« I , COBFC 6 , 6 ,G ) 

/SMACK/ AKtIK 1 # AOaiO 1, AOJIC ) , AD4CG ) 

/SMACK/ AOSIG 3 , A02|G J , AOlCG ) , AOSCG ) • 

_ /SMACH/ SMOOTV(P . ) V ' , * 

w COMMON /SMACK/ EAA, Z*B,.XAC, ESA, SOS, SBC, ZCA, ZCB, ZCC 1 K 
COMMON /SMACH/ VA, VS, VC# Eli, Ut» Eli, **1, E22 
COMMON /SMACK/ tt) ( SH, Sit, ESI# fie V2, Vf 
COKW» /SMACK/ TEMP«2KI# KXfltK,SKI * 

:COMMON /SMACK/. AKACftft*t*M}, *AlMACK«fM,2M2 
COMMON /SMACK/ F«RKX|I,I ,6 ), PARKV1<21, PAMK¥2(2> 

COKMON /SMACH/ PAKKVS|al,"GAIICHfiaVSJ t KKSI14) 

COMMON /SNACK/ SOKTl ifKTN , A SORT!, ATKTW , FbtSXT < 9 0 0) 
vV v 5 COMMON /SMACK/ NSMOOT, blMASS, SSKSOft, MFIMST 

’■‘^^^/...COMKOK /SMACK/ KSUBSM, ZNTEXTU2) * . 

COMMON /SKACH/ KSMOOTIt ), MWftP I# XSATCG ) ' W 

COMMON /SMACK/ ISMoOfis ,« )/ fftOKSfcfO U OASMITlG J 
.... COMKOK /SMACrV KNH4SI0 3 » KMACtC ) , KEXCCG )» IC0Krei«4-;‘f:^|:. 
;COKKOK .//SMACK/' EPIC i ,JCXClTtC JSMTOR(0 ), XKSEKQ|0.!; 

ivIfl^^iaiiWSKar wairtso), ub(») 




COMMON /SMACK/ 
COMMON /SMACH/ 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
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A final temporary education or Qualification ******* . * 

due to the sharing of the efoveaentioned OOMJOK /SUACH/ space by the ** 
Section 1.62r.B«adi*a^D(wl Sv». code* the theory of thle alternative • ' 

nJSifSS “IT! ?“ »*«•««* 14-15 . Hot »m 1. u >mr 

or £rr£GBR variables, in order to reserve nos* Noticing space* Jhen* • 

T». T»T» »S»(1 ) (•«». Lt r«ort if 

S SZllZZ 

SJsJrVi <** «J ■"•** S 4 il, dlattneione, benate that on* or more Bmadnaln. 

aag g - r *- t ** *■*£ 

•fter a thorough *c&^ ****** ba *& £2i*SS*> aaoept possibly 
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1 *$3 UNIVERSAL MACHINE (U.M.) DYNAMIC SOURCE COMPONE NT //// 

; i - J5f u " iver ‘ sal machine (U.M.) is an EMTP source by component " 
classification. It provides for the dynamic representation of a wide -? } r? 
/‘..variety of rotating electromechanical energy converters: , /! ;>' 

1. synchronous machines (1, 2, or 3-phase armatures, with • : ■ 

various rotor configurations and connections; • 

2 . induction machines ( 1 , 2 , or 3 -phase); 

/ ♦U ‘j. do machines (with various field connections). . ' 

; The feature was developed by Prof. Hian Lauw of Oregon State University 
; in Corvallis, under contract with BPA (see address below). ‘ ■ : 

^' The EMTP user is advised not to use U.M. modeling without a good 
howev f r! £? r fche representation of a conventional 3-phase power 
• system generator, the user is generally advised to employ the production 

• 2:?:iJ22 el i n 5* of ? ec J i ° n 1 - 62 • The S.M. code is more fully 
developed, better tested, more efficient numerically, and of greater 

?f2! e ? le " ce -. for ?!? e fcypical "conventional" problem. But there are many 
less-typical applications for which the U.M. is recommended, for a 7 
number of reasons: , ~ 4 “ ’ 

a) The U.M. is variably dimensioned. The user can have as 
■ • raan y machines and as many masses as he wants. 

. .. b) The U.M. can represent! new machine types, such as induction 
(asynchronous) machine's and dc machines, 
c) The U.M. offers more modeling flexibility for synchronous 
machines* An Arbitrary number of rotor colls on each axis 
is allowed, as is an arbitrary number of masses, without any 
numerical problem or penalty« The connection of machine 

coils to TACS and the electric network is also more general, 
so, if any such flexibility appears attractive, read on! 

The universal machine is still just in its infancy, and user 

M??, Um ?non? 10n tJJ is iess than c W late and coordinated at this time (mid- .• • 
4 °!; Hian, working under considerable time pressure, has just 
.supplied 13 pages of typed'rules, which appear as Section 1.61B . In 
case of doubt or- conflicts, Section B : should provide the Final word, • '• 

”* #n \ , But it is the conventional 3-phase induction motor which is 

expected to be modeled most, and Section 1.63A has been devoted just 

J® JL ??? 63 u TP J M "! thr 0 u G h 13 .of Ref. 8 , Vol. X, 15 April 1980). ■ 
Virt * ether hand, because there always seems to be a shortage of 
illustrations, and because there is inevitable interest in three-phase 
synchronous machine modeling. Section 1 . 63 c illustrates such an 
application (pages SRFH-3 through /II of Ref. 8 , Vol. X‘, 9 Apr I960). 

"•Thl, with’Hi an is in .the final stages of negotiation■ 

This should keep Hian associated with EMTP use and U.M.. modeling for 
twelve months, though May or June of 1981. If there are problem! with • 
*!u ‘ usage, then, Hian should be available to correct any bugs (though 
the contract actually involves study of the oapaoitively-exoitld * 
'flu* 8 ®?® ra tor>. I encourage serious users who are having 
problems with U.M. usage to contact Hian while he is still available '/:• 
®W° rt what be has written. We at BPA (Tsu-huei and Scott) will be " 

that an initial'inquiry here, is not unreasonable, hi 
But to cpntact Hian directly, use his Corvallis address: . 

'..V' Or. Hian Lauw, .professor .. 

v" ‘.'v>r V:’-.. flectrical A Computer Engineering Department - ■ ’ 

v -h:: .’Oregon state University ... v 

Corvallis, Oregon ( 9,733) v : :,..'i"V;.y.v 
T; U.. 3. A* * -,. h •. / ./ J phope; ' We.36l 7 ^ 
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USER INSTRUCTIONS FOR U.M, MODELING OF INDUCTION MACHINE • 

A. Data Applicable tb the Problem as a Whole 

The U.M, tables are stored within the total allocation of List 
25 of EM TP variable dimensioning. *; Maxe sure that* the EMTP has been 
UnK-edited. (loaded) with non*unity storage for this wonting area.' 
Recall that the'first line on page S.HEH*5 showed 317 cells used (e 
that synchronous machine of the'first‘te'si. Having a fully virtual 
machine (the VAX) at bpa, we are overlay generous, and will never'nav« 
a'probiem (3700 ceils are presently allocated), • 

./ , » • m • • * 9 

• i I 

The first data card belonging to the U.M. is a request for the 
allocation of List 25 storage among') Hlan's four different taoies, 
this card must precede the miscellaneous data Cards, and should foiloi 


The first data card belonging to the U.M. is a request for the 
allocation of List 25 storage among')Mian's four different taoies, 
this card must precede the miscellaneous data cards, and should folloi 
the BEGIN new DATA CASE card tnat begins the rfata case, within thoi 
limits, ordering is immaterial (ail suen special-request cards at th<h 
front can come in any order), s *uaing free-format, we have is 


t Nl Oil fM (V»i INI fMimt r>] ml ml m .ml ml m ml 


• : _u.uJ.llu.LIJ..UJ..IJ..Dd..i..i.a.i.ir.J_di.JJ • 

whet, . "I" , *4" > "K" t aft, .1** are symbols t oV ejcplicltely- 

punched integers having'the following meaning* '• 

. i—- maximum.total number of coils (tor ail machines) 
n.' ! d mmm maximum number of machines 

• K —- maximum number of U.M* qutputo (total for all machines) 

mmm feaxiannw number of U.M* 6-character names (total, fo-r all, machines) 

All machine data is grouped together, ang should follow tne lai 
conventional (non-dynamic) SMTP source card, just as is the case with 
, the existing production' 5,M. modeling, The beginning of UiM. dan 
is signaled oy two 4attfitftrd.il • " 

cardKi i. Punch "15" in columns* i-2 , as a special request for 
u.M, modeling. tne'* rest of tne'card is.left oianic, 

, ' * * - ■ • ■ ■ 1 • -i * ' ■ • . 

S.-Iw.Mi? » Punch column i with is . fl#g which indicates whether or not 
data is to be in per unit).-’ *.>"»•• * * • *i 

. . • ; ‘ ’ * t .... a. * '• - 

: f i input data is in'per unit, 

• $ J ‘t £ ' * ” 1 v ..•••_ • ' 

• *' ; 1.® ssVHnput data ,U in. physical units (ofim'i, volts, 

• •• v» amperes, henries), ' „ a blanx produces the* san< 

.effect as ? n ^xpiicltery-puhcned zero. 

? There is nothing else on this second card Cleave columns 

f -. /two: through 8p bianK), 
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Data Card* for Machine Table of 


V H. 


TPIH-3 


*• .. . 

'.x\ a:;; i ei;a , ;.rW. e ««... 5 «•»• ■ 

co*pon«nt (for ««h induction ..eh thirl »«"" 

twe^inductio^machlneaf Class B dataii°these S three caJds^Card*^ 
cards, Pius the blank terminator. Call these three cards earn a, 

Card B, and [Card C, respectively, format requirements are* 

card A i nm Columns 1-2, format 12 . Type code. Punch nth 

£S£U: 1 gTI „ 4 « for 3 -phase induction machine with 3-phase 

J.V, . . 4 rotor, a 

Column 7, format It . ri*« for the request of 

output of the electromechanical torque • 

punch with "1" for such output* leave blank 
or punch with zero to suppress it. 

Column 8, format 11 . bike J for 

the mechanical.speed in radians/second . 


vJTQOUT *—* 


JOMOUT 


JTHOUT —- 


SHAFT —— 


NPPAIR •— 


Column 9, format 11 
the mechanical ahgie 


Like 

0m ln 


dTQOUT , 
radians • 


only for 


columns 16 -IS, format *6 • Nome of the 
electric network node which represent* the rotor 
mass {remember the use of electrical analog). 

Columns 22-33, lormot 12 , - _Nu»be r ol pole 
pairs of the machine <e,g., ”2” for 1800 rpm ac 
66 Hz with zero Slip)• 


Card B » lU^Co) 




, U 
h vr\6 


Card C i ip) 


“n 


— Columns 1-14, format £14,6 , The initial 
mechanical speed let time zero), In radians/sec. 

,*• Columns 16-29# format Bl 4 ,S . The grvs * tg JfJ ed 
value ter tftt main U.t*# i d 1 
ihductance, to unit# of Henries ♦ 

— Columns 1-14, *«**§*• ***** ♦ Jjiiihs , 

mechanical ancle tat time zero), in . radians , . 

Columns 19*28, format £14,5 . The unsaturated 
woloo for f-fie •■main-ii,#*# non-leakage) q-axis 
inductance, in units ot Henries .• 


' C‘* ' Data cards for Coll Toole of 

Mtor tn« H»ehln«Tat.lod«t*o4 3 *ctlcn *< V 

dat* eordc lor tnt CoU *«#1» ..vs'en cards tor eoen 

induction macnint otlng considered, ^Jjre are s * croups of six 
machine. If more than one machine, ?nere is 

cards must correspond to the machine orderinu of sec^ cards for 

• blank terminator card after the IjatJUdh ere for the 

in final machine, af tn« six data cards# tn^trt ^| hln4) th ; 

«Mvm* eireutt (armature of the conventional induction , 

%n»: 





Card i* R 0 
Card 21 Rj 
Card 3* 

Card 41 R j 
Card 5t 
Card 6i .R- 


3ty-Z 


TPin 


Power side, 

In (a, b, e) order# note* 


Excitation side, 

in (b, c, a) order, npte. 


This shows the order of the cards, and the symbolic association of th« 
three floating-point parameters on each data card; it does not show 
the data format of a typical card, how4v<*r, which is as follows; 

. ’ ‘ ..o; 

R‘, L ——5 Columns 1-28^ ' fdrma't 2E14.5 • 

ji • si * ' ' 

ftUSl> ——— Columns 29-40* format 2A6 , These are the EM TP 

BUS2J node names for Che terminal connections of the 

coil, ‘Two blank names Imply a shorted coil (Doth 
ends connected to ground). For an open circuit, 
leave one name blank ana punch the other with the 
name of a dummy Emtp node that has a high impedant; 

. connected to ground. , 


TACS 


n't C*v vi ! 


JCLOUT 


Columns 41-46. format A6 , This is the name of 
a TACS variable wnose value is to give the value of 

a voltage source connected to the coil {see sketch) 

‘ '* ’ r * " \ > - 

Column *• ! 47 1 1 formatXi t Thjs 1 ? <* request t id<j 
for output of the coil current (sec sketch fas to 
the sign convention), leave blank for r.o such 
output; punch "i" in column'47 to produce it. 


•• Columns 48-61”, format £14.5 . This is the 
initial current (value at time zero) in ampe 


res ,| 


The blank card.which terminates this Coil 
Table data is -also the last u.M. data 

£«««* Then c0 “ es the blank card ending 
EMTP sources, and the rest of the data case 
is g^ite. conventional. * •* 

** ode ** ng °* the Shaf t System ' 

* ? ‘ • > „ . ‘ \ ' 4 . 

The masses and springs that? are built 
into the production s.m. ' mo 5 de^''.are . 

f*P reserj -e‘3 in U.K. modeling 
_y n electrical analog. For each’ ; rotor 
mass, there is a capacitor to ground; for 
'JIf!L*? rln9 i nc ®Tconnecting. ro<to4r masses, 
iS ? n * nouctor between tflttc-caf&citor• 
inier^ttri Af> ’ 5 ^ , ^ ecl fioao) torque becomes 

Etc v •as d ofJ r f! nt ^ 1 ? t0 5Uch a capa *Uor node. 
* • ^ ^ following correspondence} 


SUSI 


V 


(TACSj 


Fig. l. Signs o 
current 
voltage 


i* 

GUS2 

f coil 
and 


Mechanical quantit y 

T (torque on mass) 
angular spate; - 


£3Lectr i ca l quantit y 

i (current into node) 
v £no.de voltage)! 
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■». (angle) 'I 

d (moment o t inertia! C 

K (spring constant) t/h 

D (viscous damping) i/R 


(capacitor charge) 

(capacitance to ground) 

(reciprocal of inductance) 

(conductance) 

* • 






T Aw 
J 4t 




4 OT- 




es G 



t. 

* ”-tj tVk-'H.'),) 


? 



*p b j ^ c 

U) or Vb 

8 ^ I ' 0 ^ Vf^ 



Summarizing this in words, then, the user does the following. For each 
mass of the shaft system, he defines an electric network node with a 
capacitor of value 4 (.the moment of inertia) to ground. If there is 
et>soiute»speed‘camping on this mass, he parallels the capacitor with a 
remittor having conductance $ (the viscous damping constant)« ** 

there is ah externally applied mechanical torgue such as a mechanical 
load on this mass, ne parallel* the'capacitor with a current source of 
value Tmecnit) (the time-dependent mechanical torgue). The sign is 
such that a mechanical load be*om«$ a negative injection, it there are 
two or more masses, one adds an inductor connecting the associated 
adjacent capacitors; value of the inductance is i/K. (reciprocal of 
the spring constant connecting the two masses). If there is speed- 
deviation damping associated with this coupling, the inductance is 
paralleled by -a conductance of value O^-UT (the viscous damping 
constant of this effect). There is no element representing tne • U.«. 
driving torque, since the EMTP provides this connection automatically* 

In terms of SMTP mathematics, the u.M, driving torque looxs like a 
hidden nonlinear element which is connected from g.round to trie node of 
the capcitdr that represents the.rotor mass of the u.m, ‘Hence do not 
expact the currents in branches that, are connected to this node to sum 
to zero, for one branch is hidden.' As $or output of such mechanical 
v riabies, they are handled by column-80 requests on the branch cards 
representing the aeries R-h**C elements that are used.. Remember that • 
shaft torque* era inductor currents, i.od*’voltages are mechanical s 
speeds, etc, * If mechanical angles are wanted, one can pass the node 
voltage* into TACS and integrate. Etc. /ett* 
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SAMPLE SIMULATION Or INOUCTION MOTOR STARTUP 


TP IM-6 


Hlan has set up a very nice little Illustration of the 
Induction machine mode o£ U,M, modeling* as can be confirmed by the / 
EMTP data listing below, there is a 3-phase infinite bus (BU5-A0, 

BUS-BO, BU5-C0) which has M a*-phose at leo volts, zero degrees# and 
60 Hz, Series R-L branches with R « ,0C5 and L » l.E-3 henry 
connect this bus to the ormature terminals (BUS-ai, 8U5-B1, BU5~Cl) 

Tor purposes of connectivity, the infinite bus is connected to ground 
by three resistors of value i,0 ohm (tne first three branch cards), 1 
Rotor windings are grour*ded-wye, wltn the ungrounded ends connected 
fco th^ 3-pnase electrical bus CBUSHAi, busrbi, BUSRCi) # which in 
turn is grounded by tnree resistors of value 'i,E-iO ohm , xnus the 
rotor windings are effectively short-circuited, as for tne mechanical 
side, node BU5-0M has capacitor C - ,06 farad to ground representing 
the mass, and a parallel resistor R » 33,333 ohm to represent absolute 
viscous damping. The machine starts from zero speed# with ail coil 
currents equal to zero. The Type-ii current source on node bus-qw 
( value i = -6,0 amps) represents the mechanical load. Because tnerc 

*1* ??? t . Nl * PAIH * 2), synchronous speed is 60 times Pi, 

or 13B.4955 radians/sec. 



Compensation 
Connectton 
TQGEN 
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• OOj h- - 

I—Vv-njT 1 — xr(pj) 

1rftH l«o^o° 



.'-•/fto/in kto ti.sc or oai (h« 


i 

.OOS-A. CO 




*AT' 

it potfsT Vt xb wka } i*l' rxems. vt ** 

txst limits rcucw, iota;# acncth or 9 **^al dated hovzwep, 1 * 77 , 

_.i”- > rvasr “ts*- „ % ‘;s;. 


• ••a?** 


. 

****** CAPO PHCCCDXWC HIP DATA CA&S* 


s 


\ 

X 

j.iomoi 

9*ioae*oi 

01 


TA3AC 5X2£5 f TO 
*UC« DATA* 0 * 2006 -©} 

*:sc. fii* f 

PRINTOUT t 
COKfCKT CAfO. 

«?!£* R-L-C, 

AC5ICS P^L^C*. 

Stilts P*l-C* 

CAPO* 

levies r-l-c, 

AJUCRINCt BRANCH, 
fiCitPVXZ BRANCH* 

CCX« W CAPO* 

*£?!£* p*L*C* 
iutti r-l-c* 

U‘U* R-t-C, 

CCf^C^T CARO* 

3 p<a-c, 

v v H Z. C 3 P«* k 


3 50 U9 

9,5006t00 0,0006*091 

9 I *1 0 2 0 0 

20 20 100 100 


o . *i "■ l . 5* • 

’ *** * m * *'* *" v **^- ••••*•••* •*„ - • W 

13CCIN DATA CA5C 

UttSCLUtC U«M,* SlHiMXOHS, 20, 2, 50, 
A *000209. ,’500 ’ 


100 


>C 0500 
1700 

.. 

CHARACTER it CHARACtCA 


6 7 

0 0 • \ 


o.coor+oo 

0,90C£*00 
0, OOOC-eOO 


o*oooc»oo 

0*000€+00 

o*oooe>*.oo 


9iSOCE*02 0*lOOEtC1 O.OCOC^OO 
CCPT # !JUS-A1* TO 'avWO' 

ccrr to 'aus-Ao* 


t 
1 

xc 
i 0 
1 0 
1 0 
ic 


0*1006*09 

O.iOOfc-O* 

0,10CC*09 


0,0006*00 

0,0006*00 

o.o;oEtoo 


0,0006400 

0*0006400 

0,000f.400 


o,ooc£*oo 

O.vOO*+oo 


o. ooor+c.o 
, _ - o*>j3j:*c; 

^ TiR»IS*TI!.i 6#AKCH CMi3. 

5 -iT-t # 2 £*J*£*®*- cai-.ts. 

sk S 4 ’ o,o«e«!S0 

*m«:. • 4i":c! 

\chxl K lUy^ .“«;*» «.w 

rjptft or carc.srljt, 4 # . 

)RC Lf sr-lf’ • 2 , ?! #oc 5 , ° 9 

2UW CA.1&. imMc'sKrifTnaLE:' 0 ^'' 01 

■ : ; 1! tSaKS 

r .O,aACO0E*Oi 0*392&0H-O1 

C3?L i* I'lftSr* 0 * 0,3>25ok*O) 

.* • ®«3A009£»01 0*2v*50£-OA 


O’, 6006*05 
0*001)6400 


i 1 o oo j -i i 

1 1 20 20 too too 

r0 ,»f ?A C 1 8RAVCKE * ** E f 6* C8NMICTIVIIT TO CBCUNO, 

CUh-AU | b( j 

SU4-&0 1 # 0 

flfU5*C0 1 ( 0 

l CtaS^VslAt” m S0U,X S,5;"?*^* H-t 8RASCH-,S). 

i fiew^*rUvi6-iO'iu3^AiBa5*.Ao ** 

wvs-^e-js+co^'Miuji.M) , 

1 09tt5RM* T 5MOIiT CIaC ' J * X VISOJNCS with HEAR-tCRO RESISTMlCI, 

l 0UDSHB1 *, 

1 C0V3RC1 Ke4? * ,,, ‘ {t “ : 

l C 09U5-ai* S1L fiPAJ#CHC . s APC-rsi NAGS CCA?ACrTAf<C£) AKO OAXriNC (R£5JStOA) 

i o 3U5-CH •*’ k 31,313 ^ 00I: * 

IS LANK CARD CM; INC .BRANCHC5 • , 

1 ttwANK CAND CASXNt; SWITCH. 1 :5 


O^OCK+OO lUbi.*5*A0 l&O.Q 
o,ocf.*oo u«*js*a© tt»o,c 
0*006*00 H4rks-C0 U0,c 
«*90i>00 til3ys*0x-l «5,C0 


60,0 

60,0 

60,0 


Jl? 


’ 0*0 
* 120,0 
♦> 20,0 


»U«fr CAHD CNUU.C COIL TAiitr 

■“« c ^* s »«-trills s^.ci 


•CE CARC5, 


U» UK 

} 4 1 misus-OH 3 . 0 . 0 * S ;• 

C.C30JS1 o.■ 

}“•* 0.030331 '0 • 

CA *0 WWSII MACH-.TAbLC 
}®‘? 8 ? 0.00OJOU • OLE.*! 

lo‘i!l 0.050MJ5 • *VS-,1 

to*rtSi 0.0U01W33 . . 8US«C1 

,9,000iv35 OVAHBt 

*D*olI 0.0003030 • 8W4RC1 

10*923 7*0003V25 bUORAl 

\lt *!* «?? +*■ COItilMU 

ihlaux caro enoXng acupgco 


o,i2«5o 


1 0, 
1 2, 
I o* 
l *+ 
i 9. 
i o. 





T PI M 


3^3-5 

Not* that no EHTP pbaaor solution has been 
requested* Although not obvious to the reader, 
no user-specified initial conditions (after the 
tolanK card ending sources) were present; either. Hence the entire 
problem began with zero initial conditions, well, on to the solution. 
EMTP printout of the time-step loop begins as follows; 
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mt 
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* 
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4 

\ 
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n*t 

9*000090 
§♦900109 
9*000400 
9*090090 
9*099909 
0* 00|0C9 
0*001100 


9U0-M 


§U9*SI 


aua-ci 


m»*o 


tOOtff 

§«00999CL«ti§* 
• *09O9C'ri>oo 
9* 705 H7O02* 
*0*4U4-*Of.-i*« 
o»^0i mv oi- 
*9* J>4 

0* •T'Vtm*'i3< 
-0, >mur-o 
0.1 

0* J f»414 t>• -r. I - 
0.7 I•» 1.4 it. wO*' 
0* 4iM »h(.»0l' 
0,74-M ;if*01' 
« 0 *. 10)02 *1 i ♦ 0 0 ■ 


UM"I . 

O,0OO9oCttOO 

0 # ooioo;< >00 

0,MU0>i>9i 
9. wv 

0 , 2 ;h ;i*s j,* 13 7 

O.VVv *: l. *91 
o.ao s 

0 4 4i /** fL«Q ) 
•0 , 1 >t tint *9? 
■0,fcr#V 4 oi.-0t 
7.1 l W M t * •} j 
• ;i. *i v 

•»'« :e.»3 r’4> 
-7.lt Jb m„*00 


0, 

0. 

0. 

c, 

>0. 

•0. 

• 0 . 

• r. * 
•o. 
‘0* 
•u* 

-c . 


\l*~l 
THtTAN 
OOODv'JL »00 
00?9A91«9Q 
4*« jiv 
V0099OF.* >0*0 

5* m;J 0 

iG v / n>>M*0 

M 7 17 4* 4.Q J 0 

V? * V *Wi>0 4*0 
6 M •* 1 j *. *■ 3 3 V 
jr ♦ *4 01 •■ -0 4-0 
'K; /1 ? ,»< T , • 0 ? 0 
tu /1 *.:»» o 4 - 0 


U^M 

:?* 

a 9099O0l.e*t0 0* 
, 0* 
4 1 I 'M. !f 

. tfO«4/i*02 0. 

.;*i()’*2|Eoi 0 , 
,1 7 Vi l U*0 S-0. 
«4/-*W-b*<*02 l. 
, p 1 1 i "A*VJ»0 a 

c. 

f 1 A 1 U f * v *{, »*0. 

.H-. 1*1 “I fOl (}, 

» \ h J '4 t .!!.♦«> i"d • 

, U>; *03 0 . 


ftuS-QH 


uj»-i 

pR 

•>00 70U,t00 0, 

0y.'*oc;r+oo d, 

O*i4)7t«0l 0, 
>y*«7A9f.«0t -0, 
l 3 V v 0 0 L ♦ 0 i % 1 

: *bo» n.*d2 0 . 

>l-U, 

; j • >u»♦ j 7 0 

H V ft J) M>i' -0 

36*?4Htf»;f 4*. 

lO'MJM.W'O-i}, 

J'fSo4&*-*J2 0, 


avsrM 

aus-AO 

l>*-l 

H‘C 

O'ciivot *00 
cooeirt*vo 

*0! 

v .• 7 * \ ♦«* 0 ; 
m:nt ♦ c.* 

713‘t/HU'; 
?:•)/* «t*0J 
• 7 ; ;tt *12 
* *• *|0M.*V2 
, » ? • U 4 • ♦ u J 

•j <# •• 7 1. * ♦ *> 2 

i« r';fr j itu 1 ? 
7 iVVtlt^O? 


9ui«&0 

UN^l 

IU 

0.0000u\n.*00 
0,3?JObG0*>C0 
O.4i44pr.03 
9,42 ^ 

2.2v»;i 

■•i t » "i i 

2«i i i V* Or 
9>«*rWUt*C4 

c.l 

7, : *’hV , ‘ 7K»^.4 
If *('*• 
<7.4; ? *"«M *01 
G.277 ll'.i>02 




rtRF9 

•UI-OM 


U^*4 0¥*\ 

in iwi 

ooooohK ♦o*v o,o*!0ho:r*&c 

OOVRl^rr. *-70 d.v?C*'VC*.«0O 

*u; »•. / >y f 

%bi Jb77;*n« «0.*>u .», 4 ,t*91 
hi** I; l* C? 3. (i v»l 
a»ci-0.P2^Mi* ! >4 

lob *v II *i*i a. I *0? 

11 */ «bf ♦"2-d. Cl, 

h-^W* #vJ wipr* u 

% j; ^ * * 1 ♦. • * C. * i -'. * i 1 . * v 7 
■* 4 ' V } H *. * U * J i t * ‘ • c z 

*?JA, )»• Id «a*07 

?;* to* c * 1 i-.* »2 C I.-C2 

7 if b.’ < t »•>%* J* i * v *V *L*V i 


To complete the display. I also snow tne final few steps, plus printout 
of the extrema, Note’tnat sinco the preceding memo, we nave addec 
minima, and that maxima no longt-r involve the absolute value; 

1M0 0*449000*0, M06H£.wC)-0.i 4d40 J£*0? 9 f l > )-«7, l 4bo i )fc *9 V 9,;y)b\ef.«0! U, %)C hi f a>0r J, r/K7bl*«l-0,« > it ♦*; >3. >62bjH*fil 

•0*1117*01^02 O.lfibtK *OJ O,b77V)VL*03 0. I'M V 977 »0 2-0, j l 1 1 h t*. i C, Wlb i * t < 3 l *4 * hti 4 7 3 J t • 0 i 0, e K > i , Mb e #4 *01- 

HOC 0.4*0001- 9/b710b76 e93- 
-0* ! t»14sM>v/ 

noo 0*4090^1 Mm»»f, 

• w0 % mbojf,*oa 

IU IMA AND MlUt R A *HICH CCCH-4» , * , - , -7 THE bi^OLAHON fOllO*, Tl*t AfcO’ CUUUFN .PCAITIQN INC *A»t. THt* 

ll»l. A* fO* lilt UCCUUAK 0H1NTLJ Vb, ? i*M£, 

UrUtU MAXIMA I 

0,Ol7ltfK*0J O.jr^i^uO) 0 , ip* ♦« i 

1 A * 0 > 0,6'b**Vi) lt,*02 O.JC)l*vk«o) 


i .02 9.|479t4teOJ 0 i b 7 7V ) VL*02 0.1 'HVV7I »02-'J, jl tii.'u'.i C, *t« 3 l *<>. »-04 ? ) Jfii O.cbdiiU^’i^-.iMbNAeOJ- 

Ce03-iMb.f 27^ t *0 3 0. II 71141. e 0 2 O.Obbi Ml *s*Jf 0.1*771 »L« J J-u. 7. » w > K *bLeOl-«. i J» *- w 

1>V7 C,H;7*4f-0! ».l44!iJ4M4J U. H.1C b 01 •«. 2*‘U4 *t *0V->. 9.S • 41« e« l « 9 

r.*ya ts.»^i u.«ti k. a»ti3-o,tuu« ti.m- isc'.j. 


U, 1 ’# *i 4 »*- IT ♦ 3 3 3,0 V h 7 7 l i. * tf ' 
tl, 2 b i 1 i 4 il * w \ 2 • J 7 4 V b 7 *. ♦ * 1 


f “'1 ,' O.Ul»4lt*di 9.146V4 

fU'. i-or MAXIMA 4 

i- * 0* Jbft«00ti-00 J 4 »b>.'3 3f, « OQ 0 * 1«- * 2t*OFt09 C. bC vC'.'hi-01 

1 0* J4 yi'Jdt-O » 0.24 * i*l\)4>v0 Ofi'Jtt Cv)*.*w0 u« , .344UVt«u , 1 

UM/L'liC MINIMA t , n . , .4 . , 

• 0.17U7VU Jl-0,1 .*• 1*-V -*9 3w'> f l 7 : -v * 4»0 J-0 .) *"Jy?'hr + g J - 0 . -- * * ' v ' - * - *:* . I 

-0 * 1 Hbb J >*0.2 i / ;*:♦ . T’t 2 . I 7l.*‘* i-0, Ui ‘ /M ^ U j-y, )sll i it- 

»JAta Of MtMlKA | IDSO^ + OO 9. Jt **--K‘U *00 0,2 # ( 000 if*-01 0.37C OJiT-O? ’2,1*. 


* u». I.»‘ r!♦ ■? * ? » 1 CC 4 1 b »1 ♦ v i 

,j*vl*#jn>0l 2. Ih1 


74 J44*4l*yl 


% m < j * * :•*. v r ;. v 10 q 0 21 - ^ ’ 

) . i V gl <33 3,4» * i 'VUv ; -0 2 


. >A9C-n 5.Ab*7iet-ai ,,i?205ct*oi 
i#wuu4,-ul O.bCuOuvt--.* ir *4it iv v *<*Cfi 


, I -0 • * « l * 


J-v , Jt»‘»C v 


rvi?-0.: i7MK*0i 

, ?-V* #CI24* I 
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!iow on to the plotting, to really see what is happening, 
are Shown on the following page. have: 


Plots 


Fig. 1 


Flo. 2 ; 


Fig, 3 ; 


t 


Flo. 4 ; 


Plot Of "a" -phase rotor current over .ne : yi 

simulation time. Tnis starts oft as <*0 n* « j : .* 

about’ 0.4 seconds it Iocks li^e oc turw-^is^not 

spved, with slip so small tout the slnuso.uOi - 
obvious over the observation time oi. tne PiCv.), 

Mv .„ p< n 1 , orlv lust for tne first t.Q msec oi the 
slSulUlon. The 60 Hz slnosoiza’. character lz oav.cgz. 

Plot of rotor speed (IJK-l, 0*tGK) over theater, naif rlrst"* 
;^^^i at ir».' ,0t '^doer i ^ i “”i^ 1 :ierir r es,, ; uan : 
ihit"«o«r n5 trie a.ipllteoe ot tW.T « ..rout t^reliter 
rotor slightly oversnoots it* ' ai operating point, 

there is a rapidly damped decay to tne fine* 

over- the full 

5 0 H Z 

on f Js d s a c o n 5 n ti r* t * 


Plot of w-lectromecnanl col torque (Uh-1. 
h.U second ot simulation. 
oscillatory component (see Hv. ».* • 

. rt r ^ n 1 < c 


:TCGEfJ) 


., < h 
Ale 


The time range (.25, .40) 

^ «iv.4hftind toraue about the 


is*readily unaerstcoo to produce 
«;pn/tv-state operating point* 







































































; rig, 5 t tue rig. 4 # only $u*t for ths first rn r\ + \ a ■ ■ ; 

so msec Of tne simulation# me I H] (VI m 4 ( 

69 Hz sinusoidal character with smai 1 1 * * I IV 

negative offset'1* obvious, ' 

L l ±-J ' current {UH-i, m> ever the Mli holt •econo »< 

simulation time. tni» 1. On.Ic.lly « 60 Hi, linuiolool 
-ijnjl, thougi, strongly amplitude modulated*I The initial 
modulation# over tn« first 150 msec or so, itm to hm a 

° £ ^ b0 Sf J 00 m,! « c (wfty ' Mian?J * After about Soo 
, current pea*. i" ? ibiuT'V»*pi ” t«eHeC, with .mature 

1 6f only 3u#t i0 * th « first so msec of the 

simulation, The 60 h* sinusoidal shape is obvious, 

t t,u* Fig. 6# only for the final 50 msec of the simuiaM#,* 

Xhe symmetric# 60 Hz sinusoidal chatacter ii ibJiSJiJ 1 n# 


rig. 


Phase "a* armature voitaga «BUs-Ai« over the <»h h -w 
second of simulation, this is basical?! J 5 ? Hz 

ii 9 ?ri , A th0 ? 0h stron glY-amplitude moauiated. 6 °the rapid enaSii 
in tne envelope occurr over the time range r 190 ? 280) 
for reasons wnich maybe Hian can explain. * ' * miec ' 


no. 


r in, 


Fig. 


rig. 


biKe Fiq, 9, 

simulation. 


only ^ust for tne first 
Note the sinusoidal 60 


msec of the 
character. 


e!lr”bcncn O “ucc rO (0*li“* oSI-aST*' ’ 0 £h?* ‘ I " p,<i<,nc '» 

modulated 60 it .iol.i «. • Tnts ls •«H>Utud.« 

that ■« »?v»; it «« 


' ftm^? u, ’ h £or convc ntionax plots 
as functions of time. Hian says 

racre plot *oUld be most 

r’ t !L °; qUe TQCEKJ. 'as 

ui\i ' Uon 0£ s P e ed (UH-i# OHt(.'M). 

1 n says that such a curve is verv 
meaningful to designers. Could ba^ 

ITZVuZT^ “ ould " pt 

on L y 1 1 ' The iocus started 
to e^d un fn ZC *? s Peedj r and moved 
rlq I:* 4 J? d £ifte spiral on the 
» <am ' * os-ci nation 3bout th# 

bSt JS--? P ^ atln ‘’ Foint dlcd out. 

■ U 



. o° 

c. 


Si; ‘ock. nn^rilir iJTiltiV I 


we vk in (j et . t 4 ci 

of wiring h H - n t0 ad£t 
ffdfi Jnf c Cfte entl » After 
tne one » ft0 ordered it! 
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• I do not hav« many wore comwente about thi# i-t-i O *T M ' 4 1 

example. The time-step size of 0,2 msec was } r~^ I 1 v I -’ll 

selected arbitrarily. It seems to be sufficiently * * 

small, since a rerun using 1000 
steps of size' 0,1 msec produce*. 

Versatefc plots which superimpose 
perfectly with those just shown 
(plotted to the same scale, one 
bolds them up to the light). As 
for larger steps, I can assure 
the reader that 1.0 msec is too- 
big, ‘^hown ; at the right is the 
. speed £UH-1,.OMEGM) «*— not much 
of a likeness"to fig, 3, As for 
intermediate steps, 0,4 msec 
seems to give good Jesuits,, Plots 
, of - ; "OMEGM" ,’ "IPA*, ar.d ? nOGEN" 
super impose.perfectly with Figures’ 

3, $, and 4j respectively* over the 
400 msec of tne Simulation* but: 
rotor : current’ «ie1 m showed a 
minor difference, just Around that 
relative minimum at time 220 msec 
(compare tne result at the,right 
with Fig, l), ' One might be ante 
to run with time .step’ equal to 
half a millisecond, 1 then,’if o«e ij 
is not too particular about minor ; 
details, eut this is about the I 
limit, . ‘ ’ 
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SpTmuch for wsm^s wotK on 
this problem,. 1 as with the 
preceding memo, l encourage Hlan 
to comment on whatever aspects' 
occur to him, in the rest of this 
section,: Hiani 
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Kotc on Scott 's Memorandum, d.d. April, j-S, 1980 s ,. 

First of all, f‘d like to express my appreciation to Scott For the clear 
documentation of his experience with this First use of the induction machine 
mode of the U.M. . The machine with a rating of 30 hp, 220V* four pole, 60 Hz, 
/-connected, was subjected to an-energization test, which gives rise to one 
of the most severe transient conditions for an induction motor. 


. T 




It i.s ; very reassuring to know that the U.M.. transient torque-speed 
chnrac termatches exactly with the results as published by. NAS Aft and 
UNfifHiVER in tbeir,jbop^: u Eiectrcmechanics and Electric Machines,*' John Wiley 
and Sons, 197.9, ,j>p. ~422-425. £t has to be noted that the .U.M. torque-speed 
characteristics are ojpside down as compared with conventional usage. This is 
because the sign convention of the U.?f. variables are generator based, thus, > 
if the U.M. is in motor mode, then the electromechanical torque is negative. 

Iv is also to be pointed out that the shown U.M, torque-time characteristic 
at rig. 4 has much more pronounced oscillations than the one shown by NASAR 
and UNNEilWf.R, due to their zero line reactance. , Scott also did run this case. 
Which,.theft shows an exact match. The corresponding U.M. output is given in 
the figure, ho low (see next page)? is 
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Nw my comwents as invited by Scott on the following items. 

'i , ' . , 

(a) the reason for the rotor speed oscillation to die out after about 
12$ msec* as shown in Fig, 3, This is due to the fact that thes 
oscillations are "governed" by the oscillations of the electro* 
mechanical torque TQGEN. As evidenced by the output of Fig. 4, 
the severe oscillations in this torque Indeed subside after 
about 12.0 msec, the behavior of the electromechanical torque 

; dicing energisation is ditficuit ,to predict-, it really forms the 
motivation for having an appropriate transient model to reveal 
the interesting transient world of induction machines. Simpli¬ 
fied linearized analysis produces nonvaiid results* particularly 
due to the strong nonlinear.coupling of mechanical speed, and *•' 

• * .. electric currents during,the energization process (induction motors* 
have relatively small rotor moments of inertia). For example, 
it xs known that the oscillatory behavior of the electromechanic i 
torque as shown in Fig, 4 is dependent on the time interval be¬ 
tween closing of the switches on the three lines. Another important 
■ effect to this oscillatory behavior is the machine leakage indue** 
tance, as well as the lino reactances^ •* k . 

(b) Modulation of arnaturc current, as shown in Fig. 6. Scott observed 
a low frequency mediation with a period of about 100. msec. The 

; £ y. observed periodicity is deceiving; Scott* duo to the fact that 

Adulation is generated by tho behavior of the product of rotor 
%•. *P eo d and main flux. A. simplified Unoqrizcd analysis predicts a 
.•-■decay of the envelopes of the armature currents; if it |s asswto^' 5 '^- 






OVA* 

M‘ t bo h ««n t fwi P ?r' *? i TfT! a51 " 8 * 5 ,‘ functl 0"- However, « 
,?2 Pi *« *• tM * oesuwptlon not very valid durln. 

tlUV lZ !" ,hU P"*«> >* lower S« in tta «;.V P 

can be ior^or^!. 1 ’? 1 *''"" *3 , th ” the re f«"ed-to undulation 

« th ‘ 

• . » 

Significance of the transient torque-snood curve. The transient 

:?&Tr“ , , Cl ™ ristlc ’ aro *» the sense of‘pro- 

yidmg an understanding to the transient behavior relative to ? 

the rather well predictable steady-state torque-speed curve. The 

frtS°^* nC ? ° f t S 4i unders tanding is shown in numerous studies* 
for exat pie: the study of oscillatory torque behavior near zero 
sup due to stator resistance effect* torque production during 
fault recovery and of course, during energization. Although 
not apparent from the figure on page TPIM-IC, the transient torque- 
speed is regular. It has to be realized that if in motor oper¬ 
ation the electromechanical torque is greater than the load 
torque, then the rotor speed is increasing. And vice versa, if ' 
this torque is smaller than the load torque, then the rotor speed * 
is retarded. Hence for one oscillation, the following behavior 
of the transient torque-speed curve will be seen (note: for motor 
operation the electromechanical torque » - TQGEtf because of the 
U.M. generator convention): W** 





K63B Complete Rules for U»»U Pat* Assembly and Usage 

The U.M. module of the EMTP currently can be used to represent 12 major 
types of electric machines, as will be described in the next section. Despite 
the universality of the program set-up, a serious attempt is made hot to burden 
the user with this universality if only,the use of one of a few of the availa¬ 
ble types is desired. Therefore in the next section, Section 16.3b, a user’s 
guide is given for each U.M, type. Then taking up these instructions for the 
desired U,M. type, reference will be found to the rules for setting up the 
thr • classes of U.M* data cards as described in Sections 16.3c, 16.3d aiid 16.3 . 
Finally in Section 16#Sf the meaning for the labels of the output is explained. 

In this introduction, the following points can be remarked: 


(*). Number of machines and coils. 


sensation: 


The dumber of U.M. machines which can be used is arbitrary. For each machine : 
the following rules apply. The maximum number of coils on the power' side 
is restricted to three. This is obviously justified by our today’s usage 
of electric aa'ehirtes. These three coils are 3-phase compensated, i.e., 
they can be externally connected to each other in one electrical network. 

As far as compensation if the excitation coils is concerned, the general • 
rule here is that only thi Axit three excitation coils are 3-phase compen¬ 
sated, i.e.. Only the first egoijation coils aro permitted to be . * f 

externally connected to each Other in (Wfe single electric network. If* 
in addition more excitation coils are used, then each of these coils must 
be totally disconnected from other coils used, ft is to be remarked 
that the above .outlined r strictibns can be overcome by the approach of 
using stub lines Of inserting r TAGS element between U.M. machines or b ; 

tween coils which are. not supposed to-be''Connected with each other. * •. 




v 0*) Saturation; 
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. User has the option of implementing a d-axis, a q-axis or both d- and 
q-axis saturation non-linearity. The actual saturation curve is to be 
approximated by a two straight-line segment curve at this moment of 
writing. i 

Use of network representation of mechanical 


U 'u’ f od Y le have the °P c * on to employ the network represents- 
i w |“ ec ^ nical system. This network representation can then b 
the Elec tncal Network section of the SMTP. This approach 

of tit Pxii£ C mean M US * th ? sparsity oriented solution method 

ot the EMTP, in addition to its variable dimensioning feature. Moreover, 

mechan?c!i e L d ! lay *t r *; quired in interfacing the U.M. module with the 
}■ y l l n deterrainin S the network representation of the . 

to be coniidered^' ^ f ° llohins corre spondence of the parameters have . 

Moment of inertia of mass « capacitance 
/’ * Spring coefficient ■ 1/inductance •; 

“ 1 Damping coefficient * 1/resistance 

* Torque . » current 

.. s P eed I - voltage 


Initialiration: 


Automatic initialization is not available yet. Until this feature is 
implemented, the U.M. requires initialization of all coil currents, 
whereas coil terminal voltages have to be initialized by the Electrical 
Network beetion or the SMTP. For the mechanical side,the initialization 
ot tne mechanical speed and rotor position angle (or torque angle for 
synchronous machine?) is needed. ... . * 

16.3b User’s Guide 

ptiq section contains the steps of action to be undertaken by the user ' 
to set up the data, case for any of the 12 available U.M. types: 


Type 1 
Type 2 
Type 3 
Type 4 


Type 7 
Type 8 
Type 9 
Type 10 
Type 11 
Type 12 


* synchronous machine, 3-phase power side 

* synchronous machine, 2-phase power side 

* induction machine, 3-phase power side 

* induction machine, 3-phase power side and 3-phas 
excitation aide 

* induction mac..ine, 2-phase power side 

* single-phase a.c. machine, induction or synchronous', 

l-phase excitation * .. 

* same as type 6 but 2-phase excitation 

* d * c * machine; separately excited 

* d.c. machine, series compound (long shunt). 

* d.c. machine, series . / 

* d * c * machine, parallel compound (short shunt) 

* d.c. machine, parallel • 


Note. Except for Type 4, 6 and 7, all machine types can have an arbitr rv 
number ot d- and q- axis excitation coils. The 3-phase excitation* 
axl s of Type 4 ate 120 degrees sifted. 

U.M. Type 1 User's Guide 

’ ! 

U.M. Type 1 * synchronous machine, 3-phase power side, arbitrary number 

...... of excitation coils in d- and q-axis. ‘ . ... 

■ Step ( 1 ); Set up the general specification- data cards according to ^ 
instructions of Class 1 U.M. Data Cards (Section 16.3c) . 
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Step (2): Set up the machine-table data cards according^ the insfruc- 
tionr of Class 2 U.M. Data Cards (Section 16.ad) 

Step (3): Set up the coil-table data cards according to the instructions 
of Class 3 U.M. Data Cards {Section 16.3e) 

Exception to these instructions is with regard to the specifica' 
t'ion of the resistances and leakage inductances in the coil 
cards representing the power coils: , 


) i 

[ y$. 
': 0 \ 


. *» « i i T'. 

'f- * * 


■ /* 


is : 


■. ?:• 


(a) Resistances of the power coils A, B and c are r *|J*** ed 

to be equal to each other. If the case of non-equal 
resistances is desired to b. studied then tb. «***" '■ 

valid strategy has to be followed. Insert “ lst . 

equal resistances with values equal to the smallestresist 
ance Then account for the remaining resistances of the 
ZiU b/connecting in the Electrical KetwOrt resistance^ 
branches in series to the U*M- coil. This is a S 
approach for studies of frequency dependency of the 

i resistances. , 

(b) Specify for the leakage inductances tLEAK on the coil cards 
according to the rule:. 

on coll card A: . l|.EAK - total inductances of zero component 
on coil card B: LLEAK • d-axis leakage inductance 

if ; V 3 on coil card C: LLEAK * q-axis leaka g e inductance # 

«•* • , ; ' , 

REMARK: these inductances can be found from the self- and J*^^**” , v 
inductancesby applying a similarity transformation with the Park 
transformation matrix. Sec for example found *?*•”*?* 

"Power System Control and Stability," Iowa State University Proas, 

1977, pp. 8S-98. 

.M. Type 2 User's Guide ; 

,M. Type 2 * synchronous machine, 2-phase power side, arbitrary number of 

excitation coils in.d- and q-axis. , 

tiv set ud the genera': specification data cards according to the 

S “ f tl) - KtSeSJrfCU.! 1 U.M. NfCtad, (Sue.ion U-*e> 

Step (2): Set up the machine-table data, cards according to the .instruc 
• P 1J tions of Class 2 U.M. Data Cards (Section 16. ad) • . • 

step (3) : Set up the coil-table data cards according to the instructions 
P ; of Class 3 U.M. Data Cards (Section 16.3e). _ ^ 

Exception to these instructions is with regard to the coil 5 
cards representing the power coils: 

(a) The two-phase power coils have to be chosen as 

coil B and C. Since power coil A is not used, the coil 
' card representing power coil A is to be completely left : . 

».;• . . blank. f - 

fbl Resistances-and leakage inductances which have to be 

specified in the coii cards representing the power coils 
B and C, must follow the same instructions as outlined 
in Step (3) of U.M. Type l (except of course that • • 

' reference to coil Card of power coil A ha? to be dis- / 

re-gardad). “ s 


• \f'' * 


7‘J X Vi * '.V'fV' 
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U.M. Type 3 User's Guide 

U.M. Type 3 * induction machine, 3-phase power side, arbitrary* number of 
excitation coi.’s in d- and q-axis. 

Step (1): Set up the general specification data cards according to the 
: c* /,* of Class 1 U.M. Data Cafyls (Section 16.3c) 

Step (2): Set up the machine-table data cards according to the instructions 
fc- ? C1 ss 2 U,M> Datacards (Section 16.3d) 

S ep JP ‘IJ® c «il-table data cards according to the instructions of 

Cla.ss 3 U.M, Data Cards (Section 16 v 3e), 

Exception to these instructions is with, regard to the snecifica- 

thT c «u the reSi5tanCes RESIS leakage inductances\n 

^ cares representing the power coils, The instruction 
to be followed is outlined in Step (3) of U.M. Type 1. 

MLIX P . * , 4 User f s Guido ' 

• • .1 

U.M. Typ. 4 ■ ““ thrsc-phise power side and throo-ph.se excite- 

Step (1,: Wlficatlon data cards according to the 

Stmi m. * n ? truc * lons of Class 1 U.M. Data Cards (Section 16 3c) 

v p ,. • .i^ysjr2 n s:r j&sj ch; inst ™- 

?nf-, 

Step (3), Sat up the coil-tabledata cards according to .the instructions 
(3 21 and' rt ti ?? ? r f s ( s « ct *°" 1U.3C), where rule numbers 
. ■ dl5Te8 " rted - The " ' 

to l 'thi n aJ?an,cL t J'’„r?L l °" 0lt ^r' I ? S (3 ' 2) and «•« pertaining 
. is th^t^^ i c ;f, t J?J“i, t * t, f ““.^rds, -the tvie her? 
coil cards in the ..nurnr. „#• aV M^ be folI owed with excitation 

. nSTtKepoidr 11 c#u c an<J A . ~ Note 

sequence ^ Tcotl ' coIl ' V ^ “ bc pranged in the 

(3-D of Class 3 u!m. tee SidJ 01 occ °rding to rale number 

uLT^ti "ti'ZSrZXtlLr*' 1 " >«*•*" taUuctancos 


for the coil cards representing .the 


excitation 





*,* A » ,*£ i*i 




; i- : ^^^ : ;?' ! '! ; >Xv?'.sr ; ■ ^^v ;i ^ V ;^- : ^ - '•’. ■"■"*' '"-. 

"•'i.'r^ .^l‘' * ‘ * •."•'- ■•’ .' • /, . .' ;' .'• '*■•’..*■' ‘-3 ’••.,* ' ■-'.’ i'^.'" ■' ’ . ’ ■' '. ’..‘ ’; " ‘ .• 

.'f a .;•//•‘r.vj7vV- U«M. Type $ User’s Guide ^'-Y ••? , 'V><V; .-*•;:*/•'•’■*$ ' .:;•♦• v ■ 

ft*'•' , •••.“'• •■■ ■ • ..• ; . ; .'.:;.U.• '■" •••":'• 

';?*'V.V- y.M. Type 5. * induction machine,. 2-phase power side, arbitrary number of 

:**• ' w'. » ’ • "* avipn A r**v r*rt4 1< ’ 


./■ 4'V* . 4 * bl '/ , 


;'..Y ‘A U 


excitation coils* 

4 1 1 , • i , t . —» 

Set up the data cise for this type according to the same 
* instructions as outlined for U.M. Type 2*. 


• \ . 


]4* 


v JS. 3 r 


U«M»i;Type 6 User’s foiide •_ /’ v vA 

, U-.m! Type 6 - single ? phase A.C> machine, induction or synchronous, 1-phase 
i'.r- • excitation. • ;’ > A r - 

-Step' (1); set-, up the general specification data cards according to the 
. instructions of Class 1 U.M. Data Cards (Section 16.3c) 

Step (2)s Set up the machine-table data cards according to. the instruc- 
•. tions of Class % UiM. pata Cards (Section 16.3d). 

. , Exception to these instructions is vat{i regard to card (1) 

• . variables NCLD and NCLQ. Due to. the internal U.M. coil 

- . arrangement* these variables have to be specified a « . 

' ,. '' * ■ . j 

NCLD « 1, HCIQ * leave blank or 1 if an auxiliary starting 
.•■ -coil is desired, ; 

• atari m* Set uo th coil table data cards according to the instructions 
( ’• o» CUss i S-i. d.t. cards (Section 16.3=),. but cutely .. 

: • , <H*rp&tLvd rule number (3) about the sequence of coil cards 

: -- yfMafSi- M on. aychffe t Instead th. following rufe have to 

■ • . be followed: 


’-I,'.- 
. *» 


s - 


?f »S 1 1 


' \>W 

YM' 


■ \\. * 
t - Y 


, (a) First insert 2 blan^j cards, 


-'b- 


r 


, fc . ipk rt „ rnmas the coil cird representing the excitation coil. | 
s,v ‘ 01 ' ( The curTp^y jthrough this coil will be indicated in the 

output 4Sf. m. '• , 




*K. 


• 'i‘1 

;)‘-A"v.^r^ "’•■r 


t 

>u'v 


t ; 


•\ } 


;-i. (c) NO. 'coll W tep»s.«ln, e « 

; ;> V ;V So Zi 55 card represeutli^ 

- HI -„v 4 H^v starting coll. The currents through the 

:,v- S^vSBl SdWafw '»}« *• «*'«“' tath » . : 

as respeetiyely. ■ lB 2\ • 




. ■■ -:q\-& i 

... ' " ,V.M. 5Typ» 7,* dlagl?-:!**?* SWt^> W 1 • . ' 

,'**••• V 1 '- C v - Vxci'tatiwi. ■* ‘ • 

■i. j■*■ 4 3■? .'• ■■■.' * «— dka do,, cftS e are the same as for.y*M. Type ^ 

; ; • J. J 

‘■s," 1 ^ ;; - : . -■ ..."\■.- 

*3 ■ ■ V . h a - "*,'. .^.'AvOdVt - . y:? ( ; ••• . ■ i. A. 


■ -j>iK ■ l 1 * , r i 1 1 . ri\ . ‘ ,*, \^r • .F a r 7 1 - fr«-‘ . ‘ "i '. . • . *• . ,' l% 

r ^ -'l v...:‘. fs.'.."r.-- A,'/:-'A'AAisit .. • .■',■■,• • y 

•’ , ,:>j. i’t . 1,1 * vr'j'V*! V'vi. y;*-* - ■' -y •- 4 • ' . .j’’; \ *• • ' v‘- 1 - '* 

• *. ^[h ** 'V,XV ! ../ vi. : • V/.d'-'i 1 '';'' * s . 4 V : ; • ; ; r ’ v ,- t ^ 'v.- • v ' • • : 

4'^ :• V- •>. r. * 
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;'i 1 x 

.. v 1 


;V;, f 


(b) Then cbmes 2 coil cards representing the 2 excitation coii s 
which are specially 90 degrees snifted from each other. The 
/ * • currents through these excitation coils will be indicated ‘ 

in the output as respectively IPB and IPC. f 

• * » s 

Type 8 User's Guide 

U.M. Type 8 * d.c. machine, separately excited, arbitrary number of. excita- 
; ■ ■ i t*on coils in 4- and q-axis. . •• . 

. ^ j l i *'’*'* , 

, ? • * , K t 

'• Step (1): Set up the general specification data cards according to the 
instructions of Class 1 U.M. Data Car::!s (Section 16.3c) 

Step (2): Set up the machine-table data cards according to the instruc¬ 
tions of ..Class 2 U.M. Data Cards (Section 16.3d). In specify*. 

. . .' ing NCID and NCLQ on card (1) it is important to be aware of • V 

, \ the fact that the power coil (armature coil) is on the q-axis, 

,. Thus usual wage of the machine is to arrange the excitation 

coils (field coils) on thed-axis. 

Step (3): Set up* the coil-table data cards according to the instructions V 
of Class 3 U.Mi Data Cards (Section 16.3e), . 

; T Exception to these instructions is 1 * with regard to rule (3a), 

which instead must be replaced by the following rule: . ■/ 

' t 1 ’ 1 \ 

; * First insert 2 blank cards, and then follow with the • 

f-’ i; . : , coil card representing the power coil (armature coil), : } 

i ■ which is located on the q-axis. 

U.M. Type 9, 10, 11, 12 User 1 8 Guide ■ ji'-V 

U.M. Type 9 * d.c. machine, series compound (long shunt) 

: ;Type 10 « d.c, machine, series =- f 

.. ■>'&-. 11 * ***♦ machine, parallel confound (short shunt) ; , 

Type 12 « d.c. machine, parallel \ 


•, 4»- 


‘Ml,, 
t.. - 



*. W-/. s" t ■ 


*i f f 

.;.f4 


■V • .• W* Set up the general specification data cards according to the ' 


j •: .‘R'r-fv; 1° l n *instructions is with regard to card (1) - V, ' 

• Wiable * HCW and NCtQ, which are to be specified as: • ^ 'C; 

NCtQ * 2, NCLQ * leave blank. '■*• . -'/..f 

1 * ‘ • • * - , ' . • . y \ ’ •,*» h*•' * 

*?}£* hat ( th * number of excitation (field) coils . r 
e fixed, namely 2 in the d-axis. * ,■ " 

instruction! ; 


iut completely jt 

of coil cards I 

• 4 ~ rules -htii-•#$$$ 1 

* * /*■ ■ J 
. -yKfi'.V 

■ *, •• 


v .o'f'-r: ; Jr - -*’/* V •• : ,/*t j -\" ^-.v K t * ’ v j f ;; -•■/» -r- .-m- 1 ; -•*<;.> V*, •■ jt'- ’*■. ;, * J ‘.t* - . »*\* . 

‘feiV 1 ’-’‘.-'.’‘■ 1 Vv'.;."’ } *.. v ,..-v . j P-*' W‘A' ’ -f A .AVVa, if* ■■. 1 V. -v k*U •’*•■ ’*• ';■*'*• = :v. - -:•>?£* ••> ■ 

'" Y“ &;' ^,-. i - v: ; ; .::;"’:;^ ' >;■• yv'^ 1 

r ^->;.' 5v *• •:;■•-*■" '• f : • " 

: .’,:v./'.';4*. *>■':.:•;■•■'• ° •, •; ■ '„'■ . -v .v '"' '•■ 

; i’li.i'-.,: ’i'-ir*-VV;'-’’*>* : . ‘'•*- 1 i-• • ..''V .• .■-’.\a\. ■ v 

!; 1! 7 : - ‘ "l : • • • >• ,••. i,/ 7y >* . v . ., /• \ t 1 y , •£. Vim, \\.i :: il •. -V'. V* .V*V* 

(a)- First iwi«n 2 blank cards :■' ■-v 

r : • *5 *'• ' >■ \ ■ ' ’ •' '' i '. . '• • _ * 1 ’ Is ' ■ ^ ' 


'•* . *' •’ ** 


' 3 "; ' •■ ' 

;• ' * * 1 . ’ 


(b) Then comes the coil Card representing the power .(armature) 
v coil. The U.M. consider* this coil td be located on the 

. q-ftjds* ' . .«•. i-'Y'v’ ; ' •’ •. . 

V 1 \ V. , "■ 1 ,'r • '* ' 4 • . ‘ ' •• - • A * • ' ‘ ' "• 

••^Vv^-'-’^-’YCc) finally cones'2 coil cards representing the 2 excitation • 

(field) coils which by the U.M. is considered to be 
located on the d-axis. The first of these 2 coil cards 
,• . . . specifies a shunt coil and the second a series coil. If^ 

;v. ; V . , no shunt coil or no series coil is used, then the corres* 

. ’ponding coil card is to be left blank completely. ... !; 

i6.3c .Class 1 U.M. Data Cards . 1 v//-' 


; V : ?vf 

‘ {•!. ;^V } 

• ’ « ■*. •£* - V,' V , . 


, . . v . r 


This class contains two cards- 

Card • (1) : indicates the Request 


for the us*© of itiodel* ‘ * . 


m 


*v- ’: 4 .. 

; • * »• * 1 , iY ' •* . 

■'J.. -.V i ■ .i 


TOgRgggg^igMSigiaigpsB 


M 


......... 


f+-H 


i*4“t 


v** 




m 




» 


si 




S 

Card (2) : general specification 
I ~f HH’*! H si dalstel St SU^2 


1 *. •; . 
■ y. ! 

\ 1 *\ . 


i. 


il ■> 


d 




..1.4.4.4.4 


.4.4,.*.. 


3] 


i*4 

i 


1 •«< H«l **4 m 

4 *. •«« Wi- 




4 T 


.44 


m 


..i4-4-4v 


m 


.4.. 


4 . 4 . 4 ., 


mm 




m 


slsl 


r 


4*. 

(• :*• t*% 

• • »»r : 

• • *»* 


S3 


'••V 

.L. 


•»<r 


4-4- 




fc;*; 


, „,. J 


inpu -.1- Specifies the dimension of the physical quantities.. If 

[w:,f, left blank, th. SI the feT «i« system is 

•; ' . 4‘ U :.l'+A ^described in: Fouad and Anderson: "Power 

fystm Control and Stability^ Iowa State University ; * . 







: 

1-*' jf*v 




General rule: 






. W Hiree cards are require! for each machine. The first set of 
three cards will be consideretTBy the program its to belong 
to a machine ruined UM-1, the .'second set of three cards 
‘ belongs to UM-2, etc. , 

(2) A blank termination card is to be provided for endine thi« 
Class 2 U.M. data card. 

Example : If 2 U.M. machines are to be used, then Class 2 
U.M. data cards consist of 7 cards: first three cards for UM- 
, second set of three cards for UM-2 and Uank termination card. 

\ 

The mentioned set of three cards as needed for each machine are: 

Card (1) of Class 2 data cards : 

iium ^ ^ jj^ ! ’’j” ^ f”” 

''ft'r" i i5 -[‘-f 4 


J (1U2) —* 7110 U ‘ M ’ type mimber des **® d to be used 

5!P L ?\ ——.Number of d-axis excitation coils. 

Note: For J TYPE - 4, NCLD is to be left blank. 


■ /SQ Humber of q-axis excitation coils, 

V5-.0! Note: For J TYPE » 4, NCLQ is to 


be left blank. 




w 5Ty * »_ r r of to«,u. tn..r 

V v * no output, 1 m output requested* 

CWWT - Request for output of rotor speed frad/secl 
' 8 ' 0 * no output, 1 * output requested 

Wr portion 


■ 'V,•’ • 


''.■‘'f/' . Mech.Node 
.'-i, Name . ——* 

<10-15) . 


fV: f i 


, V • ' 

; , *'/..* *, i'X ' '«.* * t v ‘ 

'Vy. I 1 - \ 

? l , - / , • 

, X.Jt -.V . V 

*«• •‘’*1; y£yi !•/«'*• •’’* r■*' - l.**' ^ i 

- '■* ■ 


wirk I . 1 . position 

twff .,*?! U tQr * r * a J* For JT ? PE - 1 and 2, this 

uigle becomes the torque angle. 

0 * no output, 1 « output retries ted. 

I 

♦ • 1 • • 

Name of the mode to which the U.M. mass (* caoacitori i. 

meS!nicfi i I^ hgni !* 1 ** twork *l*ioh is used? ie, ] 

network™* w** ?S*5f? * 4 by its electrical * 

network analog, if this network option is not u*«u . w-n 

leave the assigned apace blank, then 


■i ■'• ■ *; 


■■n 


•■V* J\V 



F* 


vv TACS name— Name of the TACS variable, which form# the mechanical input - 
i ? ,' (16-21) \ ■' torque to the U,M., if the mechanical system is not simulated 

■<' i• !v • hy an electrical network representation* ( 

'I • ' * ' # * ? * ‘ 

Note: Leave this assigned space blank if the mechanical 
\ network option is used. • 

/ . ' * % - 

Number of pole pairs* 

2 

Rotor moment of inertia in fN.m.sec /rad] or in per unit. 
Leave blank, if mechanical network option is used. 

\ 

Dampings coefficient in (Nm sec/rad) or in [per unit]. Leav 
blank if mechanical network option is used. 

Convergence margin for the rotor speed iteration process. 

If left blank, then by default EPSOM - 0.1% of synchronous 
speed or rated speed for DC machines. 


4 V-V. 

: :A~ 

• A& ,*• 


:V NPPAIR 

(22-23) 

RJ 

(24-37) 


DCOEF - 
(38-51) 

EPSOM - 
(52-65) 


Card (2] of Class 2 data cards : 



< . 


OMECM 

(1-U) 

LMUD 
(15-23) 
JSATD 
, (29) 


S ■ 


.» Initial condition of the- mechanical speed in [rad/sec] or in 
[per unit]. 

- Unsaturated d-axis main inductances in [H] or in [per unit]. 

- Request for implementation of d-axis saturation if JSATD is 
set to 1. Leave blank if no d-axis saturation is desired. 

REMARK: The quantities, following JSATD in the data card 
can be all left blank if no d-axis saturation is desired. 
Otherwise these quantities pertain to specifications of the 
d-axis saturation curve as shown in the following figure: 
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■; >; f ... * 

, >,• r •’.* /. • fc - 

' • , *' 1 * • , , 
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Fig. 1 , 


d-axis saturation curve 

Horizontal: d-axis excitation current 

Vertical: d-axis.main flux 
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LMSD - 
(30*43) 

FLXSO - 
(44-57) 


. It is to be noted that obviously - 

U4UD * slope of curve iri unsaturated part * j 

l>l$D » slope of curve in saturated part *. i 

if no d-axis saturation is desired: Otherwise 
see REMAhh. pertaining to JSATD and Fig. 1. S * 

Leave blank if no d-axis saturation is desired. Otherwise 
see REMARK pertaining to JSATD and Fig. l. V;l 


Leave blank if no d-axis saturation is desired. Otherwise 
(58-71) see REMARK pertaining to JSATD ai;d Fig. l. 50 * 


(3) of Class 2 data cards: 


iiiMJlilil SI 


MtttflH 


lililll* 



LMUQ 

{15-28) 
JSATQ, 
FLXSQ, 
(29-71) 


THETAM Initial condition of rotor position with respect to stator 

nVr^ iCal £ f d i ‘ For synchronous machines i e. ^PE - 1 
and 2, this angle is the torque angle in electrical (radj. 

{15^28) ^saturated q-axis main inductance in (H) or in (per unit], 
JSATQ, IMSQ, 

FLXftQ — Ail these quantities can be left blank if «« n 
(29-71) saturation effects is desired Otherwise ’sLce tLf 

Se^ing'with^hose^f'thfd 3 T C ° mpletely analo « in ^eir 

K • wSm ?f the j d - axis * i-e.. JSATD, LMSD, FLXSO, 

X; n ?ed " SUU Card C2) Where these quantities are ’ 

i6 ‘ 3e glass 3 U .M. data cards (Coil-table): 

• JS'S.rM data cards ijf';„ t ? rd5 “ ith * w “ k «n.ination card, 
we .ill refer to ITl ™n! c iS‘i 0 b ° ?« “P; Each card of this cla« 

coil has to b* specifi ed. /that about one single 

form a coil-table.) The datafc-™!*-***#• U, * l ‘ class 3 data cards really 
®* J Iftv data forrail t «* a coil card is as follows: 


;i &• 

,! ;•* 

■ j; i 

i ! •• 


,.v- 


m s'* &-?» i- 





RESIS —*- Resistance in [n] of in [per unit}. ' 

(1-14) 

REMARK: RESIS cannot be taken equal to 0. . 

LLEAK - Leakage inductance in [Hj or in [per unit}. 

( 15 - 28 ) ' 

BUS1 —•r Node name of the Electrical Network $o which one terminal 

, (29-34) of the coil is connected. Leave blank if local ground 

connection or no connection with the Electrical Network 
is desired. * . . 

*. < * 

BUS2 —— Node name of the Electrical Network to which the other 
• (35-40) terminal of the coil is. connected. Leave blank if local 

ground connection or no connection with the Electrical 
Network is desired. *' ■ 


XTACS -Name of TAGS variable, which is used as a voltage source • ' , 

(41-46) in series with the coil. , • • 

: : ' • i‘ 

CUROUT *— — Request for output of the coil current if set to Ij leave 
• ' 1 . blank if no output is desired, 

CUR - Initial condition of the coil current<-in [A] Or in [per unit}. 1 

;;;(48-6i) • • 

!. General Rules with respect to the coil cards i •’ - 



(1} the following sign-convention has to*be realized in assigning 


Bust 


. tv.'. . ,I " ! 1 ' •• ' • ■■ • ' ' ’ : 

Thus : ^Positive coil current mean.s that it goes from BUSZ'io BUS1 
•The terminal coil voltage is: . v"\. 
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The coil cards specifying the coiU of on# machine c«m «*+ k* • 

their C diffe?I d f ° f ° th0r / aChines ‘ 11,e machines HitT*^ 

tnexr different group* of coi* cards my*t he arranced in eh* 

sequence as chosen V. the machine-t«t>u (see fU,JS u 2 a •>' 

t.=„ first the coU cards of UH-1, th m coi t of'^-^Mc* 

TfltZit'Vl'l ZKT ° f C ° U Cir4 ’ *• «»« machine, 

Jpower coils is needed, then insert blenk cards for thenon-used 

table (see Class 2 U.M. data cardsj machine- 

: if “So''- o? C0U "° r b,anl ‘ «“* to be inserted • 

X 

3.3 Finally comes NCl/J coil cards representing the a-axia 

tion^coils, with the value of NCUJ as specified’in the Jh'ne- 

NC^- S o. N ° C ° U “ rds " or bll “ k cards are to bo inserted if 
?ir5.H” r aJfj.i h ^“;f“\=^’atio n trest r iction appUes to 

£^tiE\S£,2i£- uad."is U d ^SfW 

reference eenael!^^^ *?!“? ??■» * ttlT . ' 

restriction to the external rZJ!?!? * ? f the three-phase 
machine is as follows: 1 tts C01 * terminals for one 

electrical C networf* bur*^^ conn ®cted to each other in one 

coils. Again use stub lin™or TACs”!!?*' 1 ' 11 to the “* cl '»tion 
restriction, * TACS elem0nt to avoid this 

anoJher^n^ne electric^e^rk ■ *?£ ^o^th* C0 , nnected to °"e and 
coils are used, then excUaS'rnfx u than three Station 
be completely disconnected fro. lltl nunber 4 and higher must 

can be avoided also“y“sJneT,t^ >? ther ' Tl,is faatriction 
“ oy using a Stub line or a TACS olement. •• 


. 'V. 

AiV.\ 









A1J ,U.M. .output are labeled by two names: 


•••7< • * Upper label indicates the machine number 

j- * Lower *abel indicates the corresponding variable. 

- Example: - UM-4 UM-4 

TQGEN IPA , • • - 

j'CrU*M. variables which can be requested for output are; 

TQGEN, ---- Electromechanical torque based on generator convention in 
' " • [per unit] or [N.m]. 

V'-" . OMEGM -Mechanical rotor speed in [rad/sec};. t 

IPA,IPB,IPC -- Currents .of the power coils A, 8 and C in [per unit] 

. ' • ‘ • or [A] ... 



Note: *For all types of direct current machines, the power 
(armature) coil current is indicated by IPC. 

*For U.M. Type 6 and 7 (*single-phase A.C. machines, 
see their User's Guide), these labels indicate 
. excitation currents. 


lEjjIEjjetc, —Currents of the excitation coils in [per unit] or [A].' 


Note: *For U.M. Type 4' (induction machine, 3-phase stator 

and rotor), the 3-phase.rotor currents in coils B, C 
and A are respectively indicated.by IE 7 , IE,, IE- . 

*For U.M. Type 6 and 7 (single-phase A.C. machines, 
see their User’s Guide), these labels indicate the 
power coll currents. 


.• : Note on Coil-Parameters 

■v; . The purpose of this note is to supply conversion formulas for 

• •users who have data of coil-parameters specified in terms of self and - . 

■ ’ mutual inductances, which due to the current UM data input have to be 

..V expressed in terms of leakage and main inductance's. ’It is possible that - ‘ 

; ' . future development will include an automatic preprocessor for this purpose. 

. 7 In.the next discussion the following notation will be adopted: 

v .,r '7 : 7-^^ * leakage inductance of coil i [H] ' 7 , : .':. ...7 

?•; •;“'*>:> 4ifri." “ main inductance of coil i [Hj ^ .-7 : 'v" ■,■■“7 '^i' : 7 : '7 : 7^7 : ' ; -'^ 

• .. ....,.7 . . .7 resistance of coil i [OhmJ /..'V77 ' 



. , .. r • 36 K“ 3 " 

I. * self inductance of coll 1 [H] 
i » mutual Inductance of coil 1 and coil j [H] 

* J 

It is to be noted that the conversion formulas which will Le derived, are 
only valid if the SI unit system is used, If the parameters are in the 

1 1 

Per Unit (pu) system, then si<v... there exists several per unit systems, it 
is suggested to consult for example the book: FOUAD and ANDERSON, "Power 
System Stability and Control", Iowa State University Press, pp. 92-104, 1977, 
The UM coil-parameters involved are: 

carc! ^ c ^ ass ^ data cards 

L mq * LMIJf l 1n card ^ of class 2 data cards • 

*■£ * LLEAK in class 3 deta cards • 

R * RE5IS in class 3 data cards 


, - ,* .. 


2-Coil System : 

The idea of how to obtain the leakage and main Inductances from the self 
and mutual inductances will be illustrated for a transformer. Although a 
transformer is hot an electrical machine, the basic mechanism to derive the 
desired conversion formulas 1 , essentially not different. This is because 
an inductance is a parameter describing the relation between a coil current 

and the ma9netlc flux ^closed by the-coil contour. By considering a 2 coil 
transformer, the central idea can be most easily understood. 



For the transformer as show, schematically in the figure above, the voltage 
equations can be written as: 

dA, 


V 1 * - M, - 


1 


n * BT 

dA„ 


'2' • v* - JT . 




0) 


ZZZZ.TZ “ ” *** " '• - >«• -«: 

ce ■ 12 * can be expressed-as: 






where N * number of turns and R m * magentic reluctance. • •' ’ 

To express the equations in terms of.leakage and mutual inductances, one of 
the "sides" of the transformer has to be reduced (reTered) to the other. 


Let us reduce the secondary side (index 2) to the primary side (index 1}’. Then 
introduce the following reduction factor, which for transformers specifically 
is called turn ratio: 


Nt 

a 2-J£ 


w 






and realizing from Eqh (3) that 
^nil * a 2 l 12 


. '.l ; ' i 1 \ x 

: , { *«. ?• , * 

‘ ‘ V 11 .? !•; j* 


( 8 ) . 


the. transformer can be described by the ^quationsi 
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Now- at this point and can be partitioned as? 

L, 


• n 
/ 

‘U 


Lj ♦ ^ 

If <w »/ 


* &+ L. _ * a} ^ t 


'a. -ji 


= c * * , 

/t w ' 


i A 

so that from Eqn (9). we have the current-flux relation; 


a. 

s L l 

+■ L £ t, + 


i 

If ' 


l J 

A' 


* L £i + 

i') 

i 

• It * 


3. ' 

leakage inductance is 

then identified 

“ L n 


iu > anu wvwj wiib nave nui 

the same main inductance L^. 

On the basis of the formulation of Eqn (8) and Eqn (10) the transformer can be 
Interpreted as having the following connected network: 


+ Q » WI H ^ lll 
♦ 




H-1- 

V«»w«4 


L I, 


l, 

A 

-ow- 


HO 






■. y. 


k.— 


Several conclusions can now be made: 




. (a) Physically this formulation corresponds with the concept of 2 coils . 

linked by a main flux in addition to their individual leakage fluxes. 

The usefulness of this formulation to numerical implementation is ' ; 

. the fact that practically only the main inductance is susceptive 
. *. ■ • ‘ ■ ; 
to changes if the magnetic material becomes saturated. 

(b) If the reduction factor ag is given, then the conversion formulas needed 

, to obtain the main and leakage inductances from given self and mutual ! f 

( 

inductances, are: 

- •..■■■/ , <"). ■ :: 
L Cl * ‘•H - L *~' . 

^ » \ L ~ ~ - 

(c) If the reduction factor is not given, then the following approximated 

conversion formulas is suggested:. ' , ' 

r °' 9 ^// > * 0,/ 

r ': : :. -t'. c, /t,1 cm 

/ * si*- / / . . 

ex * a x 4 li " *»* 

Somettmes the rated currents T^ and T 2g are given. In this case the • , 

■ ■ . reduction factor can be approximated by: • ' . ' • 


a - 26 

2 ' 


■V,. 

(or^l 

V 2B 


Then the Conversion formulas of Eqn (11) can be used to obtain the 
desired main and leakage Inductances, v . 
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, (d) All parameters and variables of the.secondary side. Including the 
d-,• network to which it >■ connected, nas to be reduced (see Eqr.. 7), 1 e 

* their voltages are to be mul tipi by 

* their currents are to be divided by a.,. 

: * their resistances and inductances are to be multiplied by a g 2 . 

4-Coil System - 

The concept of the 2-coll system linked by a main flux in addition to their 
i-akuge fiux, can be easily extended to the general n-coil system. 
We will show this by considering a 4-coil system and again we are interested 

to find the conversion formulas to obtain main and leakage inductances 
froni self and mutual inductances. * 

rn terms of self and mutual inductance, the 4-coil system-is described by: 

* the voltage equations: 

V, * . -E t‘ Id' 

' ' ' at 

V. = - i - 

K i * c. - (14) 

J J O'f 

\ - *y ‘y - Q . 

* the current-flux relation: 

1 l " il> l *‘ l,y f*'| 

• 4! = ! !'* a ‘t I ■ t») . 
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* the inductances in terms of the numberof turns N and magnetic 


. reluctance R : 
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*i»s 


A ‘>y 


: VA- * 


A ‘ ’ * <. ■» J j, v 

\ 







3G K** S 

. Now in analogy with the 2-coil system, we reduce coil 2, 3 and 4 to 
. the "primary” coil 1. This requires the introoiRt'ion of 3 reduction 
factors (compare with Eqn. 4): 

• N, 


a 2 * 4 ‘ 


«1 

^' r 3 


N i 

a 4 - ^ 


07) 


These reduction factors are implemented in the system equations in the 
same way as for the 2«coil system shown In Eqn. (5) and (6): 

* the voltage equations: 

* .-v; - 

4' 


V/ 


a x v x - - ** ^ ^ 

v 3 - (SW - ~ (« } * 3 ) 

\\ - - '(*}*„) Wy) - i *») 

* the current-flux relation: 

a 4 

y 'V 

4 v ^y 
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S**3 

W» 


4 3 C >2 \ % ^3 


a j A ^33 *3 °y *Jy 


4 y ^2y Atr 


•4 

•a' 
1_ 
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J 

VV 

U 


(19) 


Nov/ at this point it i§ important to observe that due to Eqn. (16)» all 

off-diagonal terms of the inductance matrix above are equal to the main 

inductance L ,. In fact this is the reason of introducing the reduction 
. mi 

factors. Thus: 

C/ * A *> * a 3 ^3. a a 9 * A x A j s a x a y^y * \ ^ v 

Moreover, again due to Eqn. (16) we have for the diagonal terms: 


/ ; l + ■ L 

// * £r '***'/ 

it’ ‘ X-' ,* •]*****•* r ‘ / ■ 

\ ^u. s 


(21) 
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Finally considering the results of £qn„ (18) co (2 1) we introduce the 


2 -coil system, in that we are abie co obtain e main flux concept as 
represented by one main inductance in addition to the individual 
. ' leakage fluxes of each coil as represented by L^, l^, and L^. 

.(b) The system formulation in terms of main and leakage inductances requires 
the reduction of all coils to one coil, which in above examples is coil 1 
This means that all coils (plus networks connected to these coils) K-mc 





• , ' 4 

than coil! should have: 

* their voltages multiplied by th* '.‘OfTes ponding reduction factor. 

* their currents divided by the corresponding reduction factor. 

* their resistances and imiuctanc.es multiplied by thg corresponding 
squava of the reduction factor'. 

(c) If all reduction factors are given, then the conversion formulas to obtain 
the main and leakage inductances from given self and mutual inductances 
’• are: 


L a * L 

'/ A. *7?, 


V/ 
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(25) 
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(d) If the reduction factors are not given, then the following approximated 
conversion is suggested: ■ 

'$ L // 


L a O. a C. 

•>W 


> ^ L " 


a* * L . / L\ * 7 jla / ~ i 

l‘ * a. 1 -i J 

/: c ,*/ »*»/ 


(26) 
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Ci 6 a 

. # . V V ' 

Gel Sometimes the rated currents I^g are given. In this case the reduction 
factors can be approximated by i 


a> 


. x. 


(*\ ik ) y&4 c * v 3 >y -(27) 

Having determined these reduction factors, the formulas in Eqn. (25) 
can be used to obtain the main and leakage inductances. ^ g 
XF 
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y;.: Extension to Electric Hachlnes 
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\ , The concept of colls *n the same magnetic *hatt «* linked b : - a main 
flux In addition to the Individual leakage ft«m c#n be carried over to 
the coil-arrangement of electric machines.. In the Park domain t&ese magnetic 
shafts are the direct and quadrature axis. Then for each of these axis* 
the conversion fellas a, given In Eqn. (25), (26), and (27) can 6e applied. 
A rigorous account of the reduction process to the power side d- and q-cofl 
can he found for instance In: White and Woodson, "Electromechanical Energy 
Conversion”, John Wiley. 1 • 

Basically the main and leakage inductances are Introduced In the 

same way as explained here in this note, except that proper account have 

to 6a taken of the winding distribution factors father than by considering 
the number of turns only. 


, Let M now consider tlw caae that a „ ej(c1tatlon co11j lrre#m Mh(ch 

;! have magnetic shafts either In the direct (d)-axis or In the quadrature (,). 

axis or In both axis. See later special notes on DIrect Current machines 

H *" d type 4 - U 1s c0 " ven,e " t to formulate the main and leakage Inductances 

%; m t ' M ’ b * S,s of r * duct1< >" of all excitation colls to the power colls which 
:, are positioned on the same magentlc shaft. 

v If the power side is a three-phase system, then their equivalent 
coil-parameters in the Park domain have to be detenalned first. This 
Is a well-known procedure, and let us call these equlvetent power coils 

° C ° f *’ im> <l-co11. .The o-coil Is decoupled from all other 

i ^tetls. the magnetic shaft of the d-coll 1, In the direct (d) axis and . • 

i;.;,.? 1 " " 9wt1c sh,ft of V» <t-C0ll Is in the quadrature (,) ’ 

*-•£'■** o ..* • . 

’ 5 ‘ • r » - •• >. / . *'. * 
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.'t 1 Now let us. consider the fell owing example, 1 #****# Chat we have 
, 4 excitation colls, 2 colls 0 ind f on the d-a*!i i irf * colls t| and S on 
Sr.** 16 4 -axis. The system Is teheftHi cally shown irt the figure below: • 
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; ’ •*•*• Wow - suppose that the user has available all self, and mutual Inductances.’ 

• * ‘ , > ^ * 

Then In order to find the main and leakage inductances as required by the UM, . ' 1 \. 
the same, approach can be taken as outlined for the 4-coil system. 

(a) If the reduction factors are given; 
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Note: The prime on some of the variables Indicates that they 
are reduced variables, • 
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(.61 If .the reduction factors are not given, then the following approximated 
\\r\X:.- .conversion is suggested-.' ^ 
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3;V7 jf the rated currents of the colls are *1v#n f the reduction 
factors can be approximated by: ( 

737->■■■«, * 3s /h !*?c* 4 a « V<r ■* •' Urf %*<~*#*t 

v - • * -V<9 ^ 7 . , ft 

" ; <i, *'•&« ^ 2?.} -* ^ "* *“** “« * ~l H t 

<* x l& SS \ 't 

Consequently the main and linkage Inductances can again be found from 
the formulas of case (a). 

. l ’ 

(c) It is elucidating to see that the current-flux relation is for the 
7. d-axls coils: 
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'’(d) It Is re-emphasized that all parameters and variables of the excitation 
coils Including the network to which they are connected, have to be 
reduced according to rules as explained earlier: 

.. * their voltages are to multiplied by the reduction factor. 

. * their currents are to divided by the reduction factor. 

their resistances and Inductances multiplied by the square of the 
• reduction factor. 

- ; « 

The power coil variables and parameters remain unchanged in the 

,K i reduction process. 
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’4§;^/directly fit the general discussion as held earner* where all excitation 
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colls or* supposed to have magnetic shaft! In line with the direct and 
quadrature axis* this U solved internally In the UM program by an extended 
Park transformation which In effect creates 3 equivalent power colls awl 
3 equivalent excitation colls: 2 zero colls which are decoupled from all 
other colls, the other a colls In the direct and quadrature axis each with 1 
power coll and 1 excitation coll. The user of the program needs not to bother 
i about this transformation* It Is mentioned here to Indicate that as a result 
the general comments made earlier hold and can be applied. Since however 
the Induction machine Is balanced In Its design with respect to Its three -v 

a, b, c phases, we will present the very simple conversion formulas here. 

Let us use the following notation for the given self and mutual . 

Inductances of the machine. * 

L SS * stator self-inductance ' , '*’* *- V 

• N* 5 * mutual Inductance between 2 stator colls 

* ■* • • • * j 

L^ * rotor self-Inductance 

mutual Inductance between 2 rotor colls 

maximum value of mutual Inductance between, stator and a rotor 

■■■ " < , '■ 

' ■' coll of the same phase.^ 

The power colls are the stator colls and the excitation colls are the rotor 

; * • ’ • *. 

y £ . ■ : colls. - . _ • . ' . - • ’’■'•’i' 

V:. The main and leakage Ihdtmctances as required by the UH can be obtained , 

■w ’• 1 ' ’ ’ . • • , 

*/. »* follows. * »v 

V:v;.-(e)- Realize first that the real tih.c colls have to be transformed to equivalent 
! iVv-v'' b,d,q col'ls for both the >t*tor and rotor side. The self and mutual Inductances 
ifX ^ of these equivalent colls are: •' 
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* self Inductance of rotor o-colT: t RR * l RR * 2 pP 

* self inductance of stator d-coll and stator q-'oflj 

i» . L ss. L ss + M '>S 

v d q 


L" r ' * l RR * L RR < M ln; 
d <1 


* »^ 


* mutual inductance between stator and rotor coils on the same 
magnetic shaft (either d-or q-axls}: L R ^j * L R ^ • 

(b) If the reduction factor a is given, then the conversion formulas to 
obtain the main end leakage Inductances can be obtained by applying 
the general theory discussed earlier, to gives; 

L_ 


"md 
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L S -L S 

L td 4q 
l r : - L R< 

jtd L tq 


(L SS ♦ M SS ) - 
a 2 (l RR + M RR ) - 


The variables supplied by a prime are reduced variables. 

(c) If the reduction factor is not given, the conversion formulas can 


by approximated by: 
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* 0.1 (L SS 

+ M SS ) 

a 
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+ M SS ) / 1 

^ M SR 
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’■tie 

, L «‘ 

* a 2 (L RR + 

M RR ) - 


’md 

* 

* • 

(d) AU excitation variables have to be reduced in the same sense as. 

described ‘r, previous discussion. It t$ to be noted that the ?ero 

R 4 2 RR 

excitation coil has to be reduced also. Thus: L, r a l. 

Special Note on PC Machines 

For some of the types of DC machines the situation arises that we 

might not have both a pover coil and an excitation coil on the same 

* : * • 

magnetic axis. In this case the partitioning into main and leakage 

•’ v • • . * *. V 

"• flux can be made arbitrarily without any numerical* Cqnssequebces. 
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To show the user tne structure of a data case that involves U.M, 
modeling* l pres»?nt Mian"* synchronous machine problem. SMTP data is 
documented by the output of the following'page, which corresponds * to th 
electric circuit shown here* 
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In th semi-random order that observations about this data occur to me, 
I offer the following: 

Point 1 : The first four branches go from the four voltage sources to 
r,r "‘ ground. They have no functional usage other than ensuring 
connectivity toground, I guess. They do not affect the 
mathematical solution, note, ’ 


Point 2 : The field winding.is connected to the electric network 

* through bus "BUS-fO" , This is a compensation connection, 
even tnougn ali~Hian wanted, was a 'dc voltage. Why? 

Later, when the TACS connection is debugged', a dC source 
from TACS can be connected for this purpose, and the 
compensation (and electric network connection) can be spared. 


Point 3 : we are here using th ' new (since "M21,") feature that 

" allows the user to ; *unch "BLANK * in columns 1-6, and have 
the resultant data card appear as’a blank card to tne EMTP, 
Thus one can name*the blank cardswhich*13 sometimes less 
■ confusing,' "OlMAGE" bianks'out such special records, 


Point 4 ‘: 



The second data card serves to divide the total working space 
of List 25 ' (370& ceils) among tne four different U.M. • 
tables, The key word is' ‘"ABSOLUTE U.M, DIMENSIONS" , named 
by analogy to tne corresponding card'for tags <"ABSOLUTE TACS 
DIMENSIONS"; see Vcl,' VIII, '27'January 1979,' page PRQV-19, 
This card requests a limit-of 20 "coils'(for all components of 
the . u;m. tables),'a limit of' 2 machines, etc. This is 
absolute allocation:* a specific number. The-card is now 
mandatory. Later, we* snail mike it. optional {as with TACS), 
and we shall'also provide a ^RELATIVE U.M, DIMENSIONS" 
option, lust as with TACS.'. The interpretation snows tnat we 
are using only 317 of the 3700' cells which are available* 
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This: is most encouraging (317 cells 
for a 3-pnase synchronous macMn*-. 
is nothing) - ,*.,, tnougn not qy.t#- tn# 
full st vry,. F-xember tn.it : -;** ■ i 
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t u}. 1 story,. ? 
a iaddar .hev>■- 
herej/an-j 
arrays of ■ 
item «t;i . 

mac tit i ■ : ; 
whi oh zm. . ■ 


•. c. n t n a e i •.* 
•- ^ Lso is ; >■ 
! 71 “ r,i C r, * 
ji me; s : 

■ * ! v * 1 v r r- >* A 


<*.sidar.ft<s- ’.-i-.«r. 


erring system sr.ows up as 
ofc (*o is .not counted 
overhead for wording 
-if; •'•i.3,' IMs latter 
*; ... ■- ress space on'oar 
increased code size; 


Point 5 


“ V -J p. 

we had 
vers . 


•cM Is a comment car) (before being disabled, 
■ C^riC" card), This it. a change fro*' 1 *V.Ii," 
ice is required in cciu.ur. 2, after the "C“ , 


Point 6 


Tr.y JnS'n:.t“ . 
i: qu :v. y 6 ..’ 
K i ; n i s o p ? r ,> 
a recuirvr *nt 
(X c “ r. f * 5n e 
a or «v.vr =;t c-i a 


.« U r» ^ 3 *J 5 "* A ^ ^ ♦* *m i*« V ^ * •> a ^ q/ 

hr: . and amplitude 30fi!(2«3) , Clearly, 
in? in per unit, then, mis had better not ce 
however, X will chec< tnir point with nlm 
er to have raised the subject Defers,, >nicr. is 
- oversight),* 


Point 7 : The valuer Xothe masses and the springs (capacitors end 
inductors) are quite - arbitrary# they bear’little relation 
any Xr.cvr: reality. This .v-n$cc (rcai'isiic shift - system 


to do ling 3 is’to be consider*.-: when correlation with tne 
a:* , •-1 ir.g £,v TP s,M, ~:. c a 1; n e " r c r the Allis Chaitters dr • 
lie..-: obr; 3 one nr. test cases is attempted, la fir, .-Hian 

cr.usf; t,.:•:? e c (capacitors;’of. 2,0 Farad . and I simply 
adjusted the spring (inductor) to i»T~2 Henry sq .as tc 
produce a reasonable resonant frequency of several hertz* 


Point 8 


Point 9 


cate is a. 


C O d.0 

Hi- • • 


r. SMC? source by 

classifi 

er.tiy ret up, a; 

1 0,«.: : 

cos cata cards), 

follower. 

d. Nothing else 

is re-gui 

simply transfers 

control 


routine "UKOATA* c£ overlay - S, where- ail >.*• data input 
actually occurs* - Note tr.at the U.K, cats is byjiassea: 
firtt three data cards associated with cr.e v,(. oacn-ne . 


Next cor.a- the coil ’cards, cne for each coil o* 
This is conceptually'a little more cs-vious. :ien 
input oarameters 'Of the coil Ce,?.» resistance,, 
connection to the electric n«twor)c *t\<i/oz 
me -Hkq Kiar. has only three rotor co.*s U «****> 


tnis 

r.ding 


have to cfcecK 

Next come initial condition* for e ^ caslon<d fc> . 

and branches* This * s ‘ " Y 2“j d0 r.ot’believe tnat 

iacic of a. steady-state connection, je* * °° ROt 
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this Is a requirement, For HldHf 
this worked well; ne set it u# 
oncer and tnen used It ver and 
over. 'Very clean, for tills vsaq*. «i* a feat burden lor 
tne production user. w snou;* re Ui* to use tne pnasor 
solution capability of tne ptoa*' 1 «-/*smatic#liy* Just as , 
Kerb and Ai is*' to dump trap?*? «n * transmission 

Una by usln-i <«ks slnu$oW*i t-;>v r 'r*a thst would be 
disconnected or .ne first time step, *<> tniree extra Type- 
14 sinusoidal urces and connected switches should do the 
Job lor tne i Noti that this does not automatically 

Initialize tn*: u.M. itself (tne original problem), out at 
least*it does handle tne electric networ*. on tne pace 4 
llstln # note that net ell initial condition cards are shown 
(the listing is cut after tne second branch condition). This 
Is not considered to*be an important detail. 
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Point lOi tne nature of the transient is seen by inspection of trie 

—..' type-li current source connected to node *8US«eO" # Hlan 

Is using the electrical analog for the mechanical system 
wherein current is torque,”and this particular source is the 
mechanical load, connected to mass number zero. There are 
two sources in parallel# with tne first (value 1 * 02 ) 
representing tne steady-state mechanical‘load. The second 
one (eeiue ••4) only'begins at time tstArt ”• 20 msec 1 this 
is the transient# a 40% load*reduction after 3ust over one 
cycle of steady-state operation. 


So much for documentation end explanation of the input data. On to 
the solution to this transient problem! Consider the time-step loop 
variable headings and initial printouts 


tP,- 4 

t!Ht 


IQfell 

4U4-C4 

m-Mt 



nux-M 

ws-ei 

»IS<M 







BU» CO 

TCMA 


* 

SVMtO 

ttf»*dO 

««•» 

»*•! 

«d«*l 

u*»i 

7JNI 





urn 


lost* 

ones* 

tntnz 

IM 

ill 

IRC 

III 


tlH«i ll*»t 

»« «i 

• f.cococc 9 ,t09c.ec ,#1 »,toooicc««t o»tM.m,4t*«,t*mo«:*9o*4.«af«t«e**t 

MWWWW4 §,»4*M4C*4t *,t04««4<*9l 0,»mt«.44 

,«4ooat>t»o# . 
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Point sit g*K, output quantities are identified by a pair of so 

! "v : ; - ■ . 1 * ntnet that ara' internally generates, much” as'is the case 

••f with the production ‘A.h, code; the first name is always 

"Uhwi * (for the first machine; if there were a 2nd# it 
V,.would be *UM-3"), while the second Identifies tne variable 

in questiohe Some of these are a little iess than obvious, 
i \ : , . due to requirements of tne universal approach* i list an 

Wfc*- of them in any cate# .... 

£2V*TOCtP *** electromechanical torque (obvious-)# 

• omegm — Mfiitf speed ("omega") of tne generator, 

..■if ..' dlaetif in per'unit (not* value of unity). 

thetae -- angle ("daita*} of the aaenine, in 

>>■ . . radians* ” •* • * " ” *” 

. *** mmm « Cdrrinf in tin armature, winding of phase -" «* , 

apparently in pa% unit 'here (since tne whole * 
v;’..- X : < eiedtric networt is)# tne '*»* is tor rotor* 

*v -A ';.. documentation of tne inverted nature of man's. 

1MW equations* i myself first iearneo !*li 
two days ago! well# no problem* This is 


4 . 







35Y 


-t 


SRF H “7 
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m* n- ■■ ' 

■a*svT.'ltw 

an* *' 4 ; * #u , u i still 

Eradiation *«* « RS ‘965). So, although 

<-*»«•*• r «y studies during *9*5j* _* 

:^ssss« ^IBnr 


tt on the stator 


"IS 1 "> 


IS! —' 


point 13* 


Current In to. «t.t 5tat “ "i"ESctr™“ *’ 

tne field circuit^ =^ nec ^^this synchronous 
network node ’*BUS-F0« , £o S ™S 5 a ' d «zs3” . 

machine preblew* ^^^stator coils, which 
art in tne two,remaining * Kq « m terms 

are tamper windings ( *d . ^ j gue ss}. 

of our established o,m. notation, 

*, p ^ iw'^a very 

the machine IS clearly cominv • — tint* 'Step i shows 

Smoothly, ' tht;jSSStla oSsSS i,°ooui . *hi* 
the beginning of a tiSeS* are ready to switch at 

grows to 1,00015 »y the time i** iUcance , and: is in no 

. . . 20 msec. this &»« n0 P;^ie*s4n of instability CHian has 

wav to be taken as a poaSibA® s*g two*seconds without 

rin th«. «.* l£ «« HUinS ti ?hii M« i«,, tin.- 

• 5"»»^v r t"S‘:i;,'•»•«*» ciincetne . 

discretization'implies some error). 

ot on riUoSs: •4s l ;sssaunt..* w- 


Of on* feCOna« *n« 

«. *-wiisns:si:Sts!s:5r;:un5u:s s:?;sss:a tssss ^... 

...«•*( tjsssss wgass s:::-":.::.:-— •• 

nu mm .«!»'<"!'»" *«« ««»,»" 5> gSS5 , ;i5*<RSrS».i.»I“ -Sf»«”“ 

SM-SIs^ mspssRffl tsar^s««aia^-”“^“ 
!--»* as®! tnsstn»tsw-. 

^ ■ on t« n*wu*. **» i i SL2*»|St!!?%*StJ d »**««5 , »“*f«* •;*» ■,?■•' 

: «?<-*«- « 8«vor.l oonoont. .; 

ii»iotun4 i««o »•»■**• !L!;'.iIinjV 

might bt offered about thtta re 
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frequency w * fiptucgG) , wMcr. r* f“ p- i j ~j 
implies f * $.033 Hz , and /') \’\ \" " } 

• period T a ,19«7 sec# u t» j> 

close enough to be beiievdbi#? why in* -penc/v ww: 
happened to the second mode, the transient * two l lit'* mode? 
I’will dive Hian an opportunity to Interpret mil, and 
provide answers to otner questions vhicn 3. n*m raised,, at 
the end of tne memo# 


Point 14 1 Flo. 2 shows thfr armature current m phase "a" I r U), 

over tne full Simulation interval (0*u f| i,0K The vertical 
spiKes ere sixty in'number, and’in'feet sinusoidal, Tne 
envelope is being modulated by t fjat slow ffiod * oi ^nt U 
; (the transient stability mod*, tne mod* or. noth U.m, masses 

swinging together’agaltut th* infinite bus). tr,at this Ls 
indeed sinusoidal (except tor the modulation) is seen in 
fig. 3, where the. time span is t.soo, .560), as the envelope 
IS increasing, the discretisation due to the l.Q msec time 
step is very obvious in such a Pint. 


Point 151 the field current is snown tn fig. 4j as Hlan predicted, the 

..slow mode (transient stability mode) of T « 0,6 s*conds is 

conspicuous here.' After the transient dies out, tne ride, 
current shouid settle at a reduced value, which 
for a case of load reduction* This is sort of a **id 
{orthogonal) effect, however, much less pronounced than tn< 
adjustment’ of relative mass positions in fig. i. 

Point i 6 » Terminal voltage is shown In fig. 5, nrtt 

—.. . ' infinite bus.and low-impedance connecting line, it . 

! cnange much) and it does not. A# with the currant i.h Fig- ■3# 

an'expanded display of the f irst 50 msec shows tne expected 
diicratlsed tint wav* is** Tt<3* 4 . 

Paint i7i Fifl 7 *no^i current in %t\t diffcct^axix coil 1# • 

, . 1 ,iii - w 1 S 2 }« wnlle tnt x>i*cu il«nt stability mode dominates* th* 

intar^maas ringing is ciisriy present,, 

p A i n a 4 g t rinailVs in rig. 8# we nave the torque unglc CUM*ip thet^E)# 
POtr>t --- ! *. SiiMtiS/t®; bJcUUtlon eorre>P«nds to M. 

»**t»iiitv mode (indeed*' ii 1 * almost the definition ol it). 

S5rti 1 tL?r:oit n o«'ut.r. : j..n ri n,lnt h „ !r o, ou Ob 

wner* is that spectral analyser-whicn everyone 


© 


DIRECTION Of FUTURE U.M. WORM HIAfS.COHHgWTj 


. Well* that is about *U the explanation tnst lihtend^to^offer.^ 

; Possibly there might b# another **?*^* - .hcuid have a reasonable 

: no pro lies are’being ««4«a »Y i^StwdS to*convey. * 

idea of what is involvad, which U * ihtenoea so - 1 

So* «ian continues with tne witn*Ied ft and nir. 

machine now'of top priority. JJ * T * if^tntv^couid be interested in 
industrial client in Minneapolis* to sef i* "J' uw pr0 Biem involving 
i volunteering as guinea pigs, tjay already «now iuite a bit* 

•• a .3-pnase induction motor* about wni«ft *5*y . . g ; suggestion 

the CMtP would bt used to ******* *?*sur Ned is very 
to put fregubney dapendenct L*p competence to tne client 

busy# and th*i i.ogisti«f c< communicating *»" «■? tnougn i do want 
= sro t probitb* at ft an nor »o get invoiv .o,^^ ,^. u 
: ;.5u«n a production'ua*f to .rapidly sues . 
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...., ... •• 

• vf «Un will bt vtittiif «m 
and thesetor* »«etio« UJI «J tjj «•* 

CKTP Rftference Hdnu«l Un# did < * ?outU copi « s for nadiioh' 

that is now being worked dft* Witn iucsj - .* . ; 

sneiUd have this material *» an integral part# 

' Oft, I <MW W»MW! mnflin* t,«l *?* 

tor tft.’.oluUon |II«UH JJ *»}”* ( U ! ml»5 

tW *'!£I P .t°?!!i» !! can ftt»«« l on hi,», I «•« * plant#* 

involving YUdiwir'* type«$» machine# thf (flach.n* HMjJ «f»« ** J 1 " 
im«iS2t«*btAcnMrik DC-2* ‘vitndut fitjraUon# Thli only h«j 
a single mass, so 1* slightly »*** than Hi jn «. **/ti/th* 

ffisi's* tniiiit: - * r # 

HI S5,“- n Ur5r»tJ5t ? »M 8 piStt!I!5 »«• ‘ft* 

1823E*6? ‘While 1 gdt .3342E-6 for th* doctored problem)* So, Vladimir 
j£ J fn.Uft .u .tn?!« ft.t.orK, ftO tran.t.ftt, and «nU.r t « UP 
, ■? msec vs* i*o msec)* wnat was his solution 11n*«7 **fj 

tne time-step loop, although this Is ailn^J^coiS^on^the*’1 
premature, Hian nevertheless comes off with S^mbthal 

first comparison,’ Based on Vladimir's previous rule ot thumb that 

code is two or three times as fast as tne I yp *!!?. ' U 

ioo>cs like Hian's computational efficiency for this Problem is 
comparable to’that for the’ Typa-SO <SC£) code* Amazing! I am 
impressed, and very happy (though ’only production testing under a 
variety of circumstances will allow a general conclusion)! 

So mfcch tor wsm's commentary. I want to gi/e Hian a tnanea to 
pess along wnatever occurs to rim* the rest of the section is hisi 

The purpose o£ this note is to clarify the questions as posed in Scott's 
.*■ : memorandum. No attempt will be made to present a complete documentation . 
of the li.M. Rather I would like to lean on Scott's 0XC ® l J® rtt ^ 
the current U.M, facilities and supply the following points which 1 hope 
will complement this first information flow of the u,M. 
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(a) The machine types which can be represented are: 


Type 

1: 

Type 

2: 

Type 

3: 

Type 

4: 

Type 

S: 

Type 

6: 

Type 

7: 

Type 

S; 

Type 

9 

Type 

10 

Type 

11 

Type 

12 


Synchr. Mach., 3-phase power side 
Synchr. Mach., 2-phase power side 

Ind. Mach., 3-phase power side , ... 

Ind. Mach., 3-phase powot side, 3-phase excitation side 
tnd. Mach., 2-phas,e power side 
Single-phase A.C. machin,,'», induction or ' 

synchronous, i-phase excitation 
Same as type 6, except for 2-phase excitation 
D.C. Machine, separately excited 
D.C. Machine, series compound (long shunt) field 
D.C. Machine, series field 

D.C. Machine, parallel compound (short shunt) field 
D.C. Machine, parallel field 

(b) Number of machines and coils, compensation ; 

The number of U.M. machines which can be used is arbitrary, For each 
machine the following rule* apply. The maximum number at coil j on the 
si4f i# to throo* This is obviously justified by out* 

. of #locttic machinoSe Those ^ colls Art S»phA$o compett^ 

tH#y bt externally connected to each other in one 


r.a 







•• ■ '.. " 36^-3 - ■“ . • 

'} electrical network. Except for U.M. type 4, 6 and 7, ail machine types 

• j> « can have an arbitrary number of d- and q-*xls excitation coils. As far.':; 

as compensation of the excitation coils Is concerned, the general rule V 
C * : >\here is that only the first 3 excitation coils er# Jkpfias# compensated, : 
i.e., only the first 3 excitation coils are permitted tc b# externally 
connected to each other in one single electric network* if in sUKUtlon 
. more excitation coils are used, then each of the*# coils stunt be totally 

* ' disconnected from other coils used. 

(Note: Therefore, the 3*phase excitation side of U,M. type <1 Is also 
4* 3-phase. compensated, which makes U.M. type 4 • iltahle tot •jpo*,) cinW rot; 

through sliprings connected to a 3-phase rect.tfier/irtver-i.af bridge t)r 
external resistances.) . 

. • ' . f 

(c) Saturation : 

■- User has the option of implementing a d-axis, a q-axls or both d- and 
q-axis saturation non-linearity. The actual saturation curve is to bo J 
approximated by a two straight-line segment curve at this moment. 

I i 

(d) Initialization : , 

Automatic initialization is not available yet/ Until this feature is i " 
implemented, the U.M. requires initialization of all colt currents and j. 
coil terminal voltages. For the mechanical side the initialization of 
the mechanical speed and rotor position angle (or torque angle for 
synchronous machines) is needed. 
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(e) Output labeling : 

% 

Learning about Scott's confusion with the interpretation of the coil 
current output (as described in point 11. of Scott's memo), the coil 
currents labeling is now. changed into: 

i • .. • 

. . IPA current of the a-phase coil on the power side of the machine 

(likewise IPS for phase b and IPC for phase c) 

IE1 current of coil number 1 on the excitation side of the machine . 
(likewise IE2 for coil number 2, etc.) 


With this change, the user need not to bother about the internal stator 
and rotor coil arrangement of the U.M. The power and excitation side of 
any machine type is always fixed and unambiguous to the user. Exception 
to this agreement will be the simple*-jihase A.C. machines, as will be 
explained later in a.full documentation of the U.M. 

( f 5 Per Unit option : 



The user has the option to use the St units (i.e. A., V, W, sec, N.m, to, 
etc.) for the U.M. variables or the per unit quantities as treated by ... v 

Fouad and Anderson (their book: "Power System Control and Stability, ‘ , : v. 

Iowa State University Press* 1977, pp 92-98, pp 414-418). . 

•• • •• *.' '. •••> 

Ad point 13 of Scott*$ memo: 

Scott observed two modes in his test-run of subjecting a 2-mass 
synchronous generator to a step-change of the external mechanical torque. 

The first mode observed is correctly attributed to the pure mechanical 

energy swings. The questioned second mode is to be explained as stem-. 

raing from the electromechanical energy interaction,,which is proportional^ ' ££ 

to the ratio of the synchronizing torque and the generator rotor moment ; Vy 

of inertia.. This is usually in the order of 1 sec. Scott's approxi- 

mated verification of the first tode Is quite close< considering the 

fact that the system has 14 eigenvalue*. . 'y.-K''. 
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cards are used only if th« user want* if supply initial. conditions himself..’: ..:j| 
the transient* program a tarts fro* citrine t initial condition# as Soo* »# evei/thing 
w** a esc at t<0 or if an *c stoady.etate atlsied at i*0 vtlM UU«*t i* simply , *•••"* 
indicated by TSTAHT <0 on siouaoldal aource card*) • 


1.7 CARDS FOR 
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Initial condition* that are neitn«r aero not *c eteady-sUtw *u*t la Supplied ar 
input. Any initial condition* that are provided It ttiugh input #m override the 
respective **ro-or ao-steady-state Initial condition* computed by the program. 
There are two oases where the ueer eight want to eupptj the initial ooiKLttons* . 

• *) Continuation of a previously run oaee, where a oonblmtaUan beyond 

: . t~" was already contemplated* The continuation can either us# the , ' ; 

t - J 

or a changed At, Continuation i* handled by having the ;■ 
preceding run punch the voltage* and currents at the very last step 
(ass section 1*1). Then simply use this data deck. 1 in the new run 
1 (no blank card at end!)* Note, that continuation work* only if 
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(1) the passive network ha* not been changed between the 
prerioue and the new run, including the order in which 
the branch card* are read in, and 

(2) .there are no branches with dietribnted parameter* (in 

, , this caae the punching in the previous run would have i \ 

* • been interrupted! see saotion 1.1). 

b) Hew Case * If the user knows the initial conditions for a new caie, he 
cam supply them as part of the input, ThiB could be used to sta:?t a < • 
oaee from steady-state conditions with more frequencies than the 
fundamental (example* steady-state performance with a number of . 
super-imposed harmonic sources)! however, the user haa to find the. 
initial conditions himself (an extension of the automatic ao steady- 
state solution to the caae of super-imposed sinusoidal aouroes with 
differing frequencies is planned)• Hote that zero initial conditions, 

' or ao steady-state conditions at only one frequency are automatically 
handled by the program.*) 

Trap charge* Supply all voltage valuta'at nodes With trap charge’ 
(steady state frequency * 0 or blank on very first voltage card). 
Supply cards for currents in linewr branches having trap charges 
* '(only node names must be listed ahd fields A, B, 0, D ar* left blank 

if initial current# axe zero). • 


») BOLESi 

(l) In networks containing branches with distributed parameters \ only 
,dc or ao*steady-state solutions oar be used as initial oonaitldne.. 
l! In this case, all initial voltrges and currents must be specified as 

; phaaor values x(0)v^y(o), where x(o) is the instantaneous value at 

,• [>;! t * 0 (note that the magnitude of the phasor quantity is the crest 

•; f ' . value and not ths jobs value). Punch the steady-state frequency into 

the very first card with an initial node voltage on U, 

*lXi U 'sO^mMnT t« Ud pvanwn daitmom ixikiat cftndtUoe* whwtvtf postiblt ,i>w»fe « fur am sWniy*uiie 
*$ well «a ■fv- dc sUeiM-ata*.#.!** the east, use co*in* fuintMm v»'dK v*^ \m \tfccu«t io 
4lnv«bde dc source. f « Q.ool Hb wvtkwt wdl m w, *9% MVbC Init'Aih ,' 
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'hi' In network* without distributed paHtotvyat any ittiiini mmdliioha rj 
are acceptable. In thi* all initial vettftg** jndi ‘ittrrnnii jj* 

»?*»***•* M iaetafltaneoue v*lu*« *<0) ('tfnofe fnMjAt Hatdn provided . 

* for the imaginary pert y(o) of phavor value* and the. *t«ady-e ate , . .. : 

frequency ae 4t»oribed in rule !}♦ . ’> '■ -.| , y ^ 

.^v!r (3V Stack card* fo* initial eonditidne in the following brderi Card# for 
VIv'3 : k U , Lda voltages (*2*» in ooluaw 2), then card* for current* id linear 
i' V I: \branch** (*'3 M in column *). apd finally oarda for otu* rente in mmtinear 
;•’! ?ii; . *»i time-varying bran?h*a (*4“ in oolwwt 2)* Thia order ieftandatoxy, .. 

r., ..; ' • #laet the program compute* initial condition* in a branch from t - ; 

V-k current* on the card plus the node voltage* already read in. If cardu .,}^ 
: ‘ for node voltage* were read in behind card* for branch ourrente, then /,, 

l*L WW.«. 

■ ■ ■••.’' ffsssme% JiLt«mnV* ^linear «aA l4u\2i° 

J - (i in tivwev ******* iv* iWvwMx 

v— . . . W*~ 

■\V^i w f ,r * CflLt^sV 
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I (j) Card for nod. witauM ("8" t n column ;)i 
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•f H2L wt ^ l 
iXttk, in thi'S 'Stalk b^ ... 
node MoWo n* C<**d.S , ; 

u^m.U . 11 

• . * . 


£ * eteady-etate frequency (punch only on very fir*t. v t 
card, and only in oaeee ehere bmnohea vith * 
diatributed paramtexm are preaent) 


*l^o)}v ]lmfis(0)} - phaeor voltage at t - 0 (rnlel) 
4o) - ln*t«ntan«ouB voltage at t * 0 (rule 2j, 


I enrreat* 

___ 1 


frr ^ 

- %ti- .MS-iV. 








;■ •■3> q 


« 

•lp< :-t»ea--»lw» 


t J; IXiy; . 

■ I-.,.. ,. ! 








■>ji‘: . r *) tunned eeriea jS*-)i*V P 




0 dkpandh i 
|^;;0POMgh 1 


■ ' • ‘ l ' • '>.‘r '. 

j -:,c *•'. ■*'':* ‘ . 





•a £V-."' 


capacity!* voltage #r* tooth zerdf etfeer*i#d punch 


i, (0) In k 

k|tt ■ *#**••« 






base IT -equiva t gnjt 


’ ! f* i 




Punch i k>m (0) in A 
Vo<°> lnB 

i (O)ioC 


rw*f*+* ***~ *’*»*'’ *** *■«••• ♦va-H*"*** '‘•M***** ""I "«" r T ""«iu_ 1- ^^ 

f wota t Detft-inpui Hating interpretation 
r*^ of the let ditttrlbuted-pamueter 
A line cord rends "LINEAR ,1«" * 

V interpret at ton on the 2nd and 

j later oueh cards of & multi-phase 
. V Une reads "DlS'iniB. I .f . 


f 

This card muet be punched in case of nan-aero terminal voltages, 
even if all currents are zero* otherwise all initial conditions ; 
f % in the circuit, including ohargee on the capacitors, will be set . ; 

‘ to aero. 

For multiphaseTT-equivalenta, punch a card for each phase in lame 
phase sequence as branch cards were read in. Here, i k « *s l ® > 
total shunt current going to ground and the other phases. 
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man line wi 
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\ /’v'... —*■ +.-+**- Punoht Re(l k ) in k •'■ ^ 

■ VV 1 "" ; ■' •:■ 

— T * Re(lJ in 0 . 

v:’.' lm(T m ) in D 

. See rule 1 why phaeor values must be ftlven. This card must be 

punched in case of non-zero terminal voltages, even if all currents 
. are zero, For multiphase lines, punch a card for each phase in same 

sequence as branch oards were read in, 

W.' i i\; (j) far nonlinear and tlaa Ju ry ing branch c urranta ("4 11 In galjga-21 1 _ 
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L-conditlon sped 


on capability (mmxm) 


0nf orturiatsly, the Manual specification of in'tlal o&mHtiunn («« per 
Seotion 1*7 ) is not possibly the present time for many KVIP uirii !>««•<*'its. 
Specifically excluded ore the fa;,Mwlng component«s 

■}\' . a) Saturable "TKAN3PORMKH'’ component of 6#*cti ,n 1,?$ j 

■ b) Recursive convolution frequency-dependm?, line modeling c<’ 

. , “Section 1,27 « Well, actually, etn 1 sol del InJUAt - t ■ 

conditions (post history) JLo possible, for thoee who know : j • 

how. But the format shall not be ejptalned 'isre, 

c) Type-99 peeudo-nonlinear resistance of Beet!on t«SIJ 

d) Type-98 pseudo-nonlinear reactor of Section t«29 1 

e) Typa-97 staircase resistance of Section 1»30 t i 

f) Type-94 SIC surge arrester of Section’ 1,34 I 

g) Type-16 controlled do voltage source of Section 1,61 \ ' ) 

h) Dynamic synchronous machine (S,'!.) components of Section 1,62 i 
1) TAC3 modeling (see Section 8,4 for TACS own steady-state , 

Initialization rules) 

Hence, for typical, modem procuction studies, the manual apeoificetion 1. over¬ 
ride) of initial conditions is not possible. Tills is as of May, 1900 
("M27.” ldents). 


*.s for the future, plans are to expand the initial condition input 
capability so as to handle all possible EMPP components under all possible 
conditions. Yet, it is not expected that the user will actually punch such 
initial condition cards himself, manually. Por one thing, the operation io 
tricky and error prone at best, based on BPA experience; for large cases, it 
is extremely tedious; and for non-siausoidal past history of distributed 
components or delay lines, the data is voluminous said impossible to calculate 
by hand anyway. So, such initial condition cards will be punched by the EMTP 
itself, as terminal conditions of a simulation which has been stopped by the 
user,' This capability is seen to be a crucial ingredient of a real-time 
BMTP’simulator package, which will be fully interactive. Stay tuned! 
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Output type 5 
Output type 4 




i. B , . 

rt > x h@ -l^ctric network b#ing solved Is available for 
The time r0a P°“JJ fc via any of the four procedure* which foUu*i 

the —Lrr« « • **»•** dBOl “ 1 rou ”' , ‘'”' f,,J ” "'■’: ' 

output )T> OT tM an „ («-«Ui.4 . 

Output type 2 "printer plotting” of the e-)luii<«i)» ' 

Pen and ink graphs, produced by the Womp * *y ( ‘ ' ’ 

plotter, , . 

Grachs drawn on a CUT nftraen (mw»I P»*««md petmmiehtly ;. 
hv means of an attached hard-copy unit ^* amroidi^g to ■’•■ 
commands which are issued Interactively by the >4»r, , • 

Output types 1 and 2 }*'*”*'; 

they require orly a 13- plotter which oan bn controlled thrown Otlcomp j 

by those having a Pj£2?yfS U tp U t w 4 is available only on syutcmn naVing a, 
subroutine calls* Finally ♦ou^pu ^ d for which the appropriate ,, 

CRT terminal with has been written. As of December 1975 > 

special interactive -ctivsted only for a CDC computer and Tektronix UHl ' . 

“ ” p '- rn “’ a ' or °* m (e< ” s * c - a ’ '’“ uniy j> 

In *ny caBe ' ,h rt U t( r th“itote r cMt! thin depends , ! 

TZ IZtTrl conventional single deterministic simulation is involved, or on ■ , 
tK contrail, a statistical overvoltage studyt 

UBa Output-Variable Sceelflcatlon for Conventional lata Casa . , ■ 

Variable valuee for'voltagee, currents, pouera, and/or ensrgieo «*«»** 

by the EMTP at discrete time instants t * 0 , A » laceUanaou8 data painaeter ’ 

are then either printed (with frequency k ia i OK j, oa i unit number A • 

11 IOUT" j see. Section I.Oh), or they are written to die* via xogi 

.ith ^^teSiul^r 5 trasSiSTTSsus: vz «.!’«*: : 

■SSSlI.^'SSS* ^specified by the user, aa folloas, ; . | 

* . , ! 

Unde voltage output 

' As per Point a-7 of Section 1, ■ the user must ™(voltage 

< specifying all node names for which he will print or plot the node vo.Lta fe v . . 

to ground;. 

: *> 3K- 

v: b) 

; • reaVi'f^^fe'c^Jui^s 3*-S) *»iwh 

from d«Juw» 


I ^ W *W card.;. , 

Si. : ’ 

HsNs liw ^ . 

11 . •! ■ ;h 







.^. -it j,’ " ' ll * '■ ' ■ 

' ■ ^ •, .. v ,. 5 * . l v -| v ,. : 'V't B r .; •' ’ ‘ r , , . 'tf‘h . . . ' 






Note that of the 13 potential J'i<:M*s i*it card, --oiy the first m".t \lmys 
be non-blank (nxecpt tor the u»i Moating fcUnl u*ni, • > rr '"}' ••'t.uvs w,.a 0 

fields can randomly be left blank, and will >** , "; i ' J 

the following three carda request node-vol» <*«»• foi *-?»>* su nodes 

named A H i-A , nfiTA, GAHJJA, Ubl.,T/. • lai, Aih) f .MA • 


'ALPHA 

&MMA 

OELTA 


p£TA 


PS 


, \3?> U*. n k., X 


keiA : : 


:■;"!•!■ 


I... J.t ! 


r;- 


c) No node vQltnglM 


'■;y*, T .l v ... v ■ ■..>). . blank anrh (which” ie taken 

the t *?■'. T #.''h • 'At. tnc* nOH w 
eeleativ* hodc -Wlia«e aproifieMion cards)., 


Branches a: -i/or rvttehe: Which nrw to we to i Mby column-80 

punches 'as *.> branch cards wire inputted; o<' further sf.ec.it.tea tio» v is , 

required at- this point, 

■*' 

iho printed h> ahnq for nrnnch-’vari-vbic "-itpnt v.Mn:u.*11 o! pntrs ot node 
names* one above the .-A her. this ordering Ur»**r to Lw*:r) indicate# the pc>3>ari y 
of the output. Suppose that node k represents the upper node ot ti n P a3 ~r and 
node m the lower one} then — ~ 

a) hr inch vcltn^o o-.tr.ct. is 

b) branch current output is 
node 1< to node nt , 


V ,(t/ 

•Uit • 


V V U-) “ V tt) 


i. (t) , the flow from 
Km 


Fo¬ 

re 



BUS K 
BUS M 


Sample heading 


; ( - t . ; v'.i'Wtii’S, sower and etv- 1 r;'/,y which are outputted 

roc-ream. coti.-urri t i ;c’ fIona or storage) -f the crunch, the 
net flow -..in ' vhc branch, from tisic .wo up to the time in question. 

For swifechbj* ■ v .r. < ‘ powor rui energy arv llowf 1 hr'.'Uffh tiie switch. 

c) ..wit'i* tc-.er output is *%,„{< ) ! : j 1 * ~ ^(t) •- Vj,(t )»i]. [n (t) 

-- ■ :’l(o ■• j(%wm * 


✓ 


All :.ra;-,:ra sh< u-d •.< correct, except possibly at 

t.im*= sere (i*o7, where switciwa 'ft j 1 r: r.vij .'a/?• umwsous current 

and power. Floating likewise croa:oo no : r le.r., unLess output for . 

branches should i-o requested. Then as }»»«• ^h.3 ot Sec tic*, i.lo, only tho first 
current (energy) output of the two in para ’ .lei Is accessible to the user a 
present time. 







3*0 


• Afl a wac tiral restriction, the above limitation r.ot wm 

connection. For>»#*, ihfuld_po»«r rfo 
a nonlinear realsUVv*: -*+: ;.*n sedition -o / r - ‘ ,, 

the coni‘i'"'uratXciri sHow.?; he.Uvw could be useu* i.hm ■•»...**.'». * •/> * ■* 

«’-• »v M, W , n . i *..r.^-r. wu ** T7„. 

section i.*o. * * 7 -7',,", r ;?7 n 

branch can) for nnsW ? ~*i. 'JT.vA >1% la !a •.. 


i* v 


UXAUUW WWI. V# >* '.. *•!**' / , ; f , 

j anvi bTisJiCM voXtrigfj ouip\<i Xc* a ... ..^,, 

80)• ’The nonlln^Ar eiwwint. & i*~pu 2 rcr. i/ 
energy consvjnpt Lon * 


'*« 'yilnwr. 
it ,u r ,o ^’’' v ‘ ; ** v * 
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i{ t . •■< O 

\ 

Y ■ 


r--# ^ 
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^w-.. 

R, =• 10 ^ 


ia. :n ; '»chin e end TAGS outputs 


SMI1 
ro slots nee 
used ".to 
v-vuiple- bresch 
current. 


Arbitrarily large resistance 
used to samplo voltage 
acrosa branch* Ttte legal 
, maximum fh'pnndn upon 
I computer tyritem, oa per 
^Section 1 . i? * » 


In xl 1 V'.t.cv ri*-•->• ;;y<“ gi'Oiiptftgn of output vu/n.«aniee tor r.jfri 

printed output c/»he Uw-n'.o* iu-.»r.. tbu «u ;! ‘,-!e:.c.nl.e.i wi* voider <*»*« Cirst » 
r/'ier t'lfuru :. '• •"' r.v2, an-: ‘u'isu'.J. r* t *-■ >..■>.»■.<■ re. ■‘turn roftio two 

• tv M ,ie )" :<i". ;-.'r',’r output vssi'i,';'.'!iu!■ « • j »'.t-'fimnouf. -.’.ach;ru.‘ output vorlaolee 

' o:..\ :ourth ^rn’ipiofi. ««d fV 3 * out.put rep re sen' u fifth and 

final crsvup; 


; 7 ", ‘ - 

:• t ^ 4 -i; L*'«■.. ■-. v t f T •* 

y rn.'hronous. 

*. 1 : ‘. 

,• -, dr.t.-ll. • ■ 

icititltifiou 

p J ; J ; 

■’ti’! fifh^p.s Vtrr 

.- . t,y.; i.nene 

, \i ■ 

1 ; .• * ♦,-»o i t. '»<■; r'*; ’ p.r .*• ♦ V * 5 : 

c ! .vr plotting 


puroooeu, th>* ..wr -.rents 8*/ncnn*.o^ •« •. ;•'■•* ••. 

currants*, '.u.-n.-ph (< 1 : 0 . 0 *: - 1 l« coiw- .* eaten pin.. kv< u«;. 

ft eoxpc.rebtc statement to that ^urf nyhohro-not.r, wo-hiuue could also be 

joaSe f-pt* the ui , ‘»K**rrj3l iitnehine ->• •«;t.a.»* ft i *h3 * 

■‘•j'g • » 

Cutout r» n uf.«ta toe.. 1 ACS variebiva -r-- :-urt.-ur .the TftCi: tr.-uJ autn vnnch • 
i-tared iAi&ip, t'.o;.,V w ' ttie '.invei Utouut*nr “•*■ * ■ * ' f ■ - n ■[[.'] r V. 4 .u e 

Section detail-*. Orw . o-c.bo.' . r .-.• r.#-tv< *»r .»; ..." J 

desired *CACS vrrtsble, of Oourc<*. -* l -‘t ; : >..r-...<.,r ,n u,< ; ....•_/u, \aoi 

identification, -^ith the TAC3 V;*,; ^‘R.' ^1^:. Th ® 

first noae ’?acs *' i« sutobaUoall.v -i * * *»*•«- y »i ; ^ rent . 

exwplc, rt ?int2t i.,- the W at wn^u the current 

• a* 4 . 4 4 * ^ **» * 3- «v ,eir\ •»?.” * 1 1 t «* •*. *jl iU-it ' iili ^5 •* •** • 

simulation u:v output ^.-10.,...-, .. 1 '* . 

woiil'4 bo udca f «urr«e ./ , ^ v ft i rt + 

though they were branch currents Uoi&fe- a - in ooUm ; ot catch-mode plot card*;, 






38 c 

The following sample of EWTP line printer output for the b ginning •*£ 
time-step loop Illustrates the fire classes of output variables jm>t i*aertb* 
sSoe there was no TACS repres ntation. the fifth close or grouping to e^pty* 

note* . 
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1.8b 


n„^„ t -V.H„hl. Hneclflaatlon ^ "STuksTOa." _ or "3T9TEWTIC" P«t. SjSS. 


General Introduction 

A "STATISTICS" or "SYSTEMATIC" overvoltage study is JnSraSiT 

S mV data cases in that multiple simulations are Section I.Oh 7 

by the EMC*. Integer miscellaneous data parameter NKbERC \ see section i.un/ 

defines the number of energisations which are to be. 

•gives a different solution, duo ^ differences in 
dr "SYSTEMATIC" switches (see Section 1.40, 

For each energisation, only the vector of variable maxima 

printing, and a statistical tabulation of all \NKfTERat such veotoie i» 

automatically provided at the conclusion of all occurs * 

nlottinr (unlike conventional cases, where printing and plotting rfb together). 

e-btion to explain how the user rebate such 

overvoltage output, and what the printout looks like. 

t 

But before describing the output specification cards for J^s statistical 

overvoltage tabulation, it should be mentioned that there «JfJ*SwC8" data 

solution Shich precedes the >H«rt [emporarllr 

case, this is a *ero-th energisation which is made mith a*l variwi ® ,? 

mi to »n>. ?or • "STETB'triC- dato ="M, W««W ^ sm , 0 ' 

. mid-closing time# of the switohes are used —— mftldhW** 22LJJL thm ntoueeta 

Spot (mo Sootton 1.*0 , oia .0 JE MfttcS 0 «do). '•'« ^2*'T, 

for .t.tlotiooi momoltago tobol.tlono, tho uotr m»ot omploto trn tot. ««* for 
tho bom o.m, proton,in, thfit It to . 

overall (total) data etruotura thus ham the foSl«wi«ig components and ordering* 





I . 


***** *» 


1 


* KZ2? source, cards, -terminated by n b'nn/ curt, 

* Node-voltage output npocifirntion cvl or n^uvtivtt .*1y 

to the bnae er»«e. See 'he &<’.*■ inning of in* pr* *■ 1 action fop' 
nxi explanation of the f'--sy»t. If nth** voit’, f >- .•< - elHotlYely 
roquet..* ed, thin data wil bo torr.in'.t**<; r.y -i liw,. 

* Bfteh-’noOo plot-specific «. card:-, '»u.».ie>d 1 » '.* boao-onne 

f-olution only. Tb*»cn ar*» *,rr^inatoO ity hi “i,>. «• iM. 

* Output-specification cord 4 ’ for rturponen of nt.-Hla ton..', overvoltage 
tabulation, terminated by (■ fcj onh ourd. 

It now only remains for us to describe th» final of these Uomn, 


Any coluran-60 cut put-request punches on branch or mtl'.h emit* apply Only 
to the base-case solutions ouch requests are dtprecorded To* : 
overvoltage tabulation. Once the bvne-caun f «lu»lor. {« w-‘‘la* mV, m all-new 
output vfseto** !* formed, to be used fur the \8l-2i rnv| eijurgUatiorri the -oluttons 
of which w|X }. so processed rthf.of r colly. Only milage ootjut#, —- both node 

(to ground), firJj tht* difference of two nvjy voltage;:-arc :•<»':>( tied for thifl 

purpose, . All such output quantities must bo specified enj* 1 Scvte;/, variable by 
variable along with on appropriate par unit base voltage, as outlined below. 

t 

Output variables for the |?J3»KR3| energizations of a "im?TSTtCS" or 
1 byoTJifilATlC” data caae are all .specified on cards which am to be punched a® 
follows: 
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IBBOPT 


type code for this output-specification' card, telling 
the type of voltages in question: 


0 Ihis card is for node-voltage specifications, 

-1 =£>■ This card Is for voltage-difference (e.g., 

branch voltage) specifications. 


BASEV . 



BUS 10 
3US1I 


J 


Base voltage, .in units of voltage for the data eare* which 
ie to- be used for the per unit statiotL-Hl talulhtion of 
ail variables which are specified .on t» is dfjfca card. 

A bUiil or a»*ro punch i.*s given n default value to 

the voltage .which tue i:KIP mad fro® the first wource • 

ppauiRihg it wan a type-14 tunUacidaS wU«ge smires* 

0e& Srctior* l.f * field "AASPUTUB^ of catomtJo il-20 
of the source uabd. 


Node natter. of the unrr’r; outwork, each Af> alphantatierie 
infottaeti- h* which spec try the desired output mriibiM for 
‘th# st&^-'Ucstl .study T;i*rd am two distinct 

cases, do-ending ■ >«. •;,* vaiu». r,f "XBwu-f* * 





a) 


b) 


33c~a 

If IBROPT n 0 t the variables in question 
node namee which are to have noda—voltags (to 
ground) output. Blank fields are **,<■"> ra*, 


4 ; 


If ;BROPT * -1 , taken in 
in qij< motion are the node riatnec 
th* *•«itage differences which 
output quantities. There nRe¬ 
branch in the user's network v 
two noheSf note, so one in noJ 
actual <ranch voltages < The 1 
is tota/ly ignored, since the 
pairs totes an even number.of 
two blanr. fields in ignored. 


pairs the variables 
which specify 
n re desired as 1 

d not be any actual 
h.ici'i connects these 
restricted Just to 
’.Inal field "BUS11" ' 
specification of node 
fields. A pair of 


There are no ordering restrictions on such "STATISTICS" output-specification 
SS/JLS *"• '«»«• -» t. sidled to the »» «*• 

Statistical ovsivol tag. tabulations tor outj.ut ra *UblsB«;.U occur 
order that the specifications are encountered on these input cards. 


4 , 


Illustrative example -of data input 
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Here node-voltage outputs have been requested for nodes "JLAYA " , 

• "JDAYB " . "JMYC " , and "LUMPY " , with the first three, on a 

per unit base Of 303,000 volts, and with "LUMPY" on a base of whatever 
the first source card voltage happens to be. There also will be ° U *P U . 
for the voltage difference from "SWA " to 'TA , on a base of 

14,450 volts — Which might typically be a transient recovery voltage 
across an open breaker which connects a generator to its step-up 
transformer. • 


Explanation of "STATISTICS" printed, output, 

Die EMT? printed outputs which are available to the architect of a 
statistical overvoltage study include the following* 

Output a : Switch closing times for each energisation* 

Printout of the switch closing times T cl Q 3e i® '• 
automatically provided if the user punches the statistics 
miscellaneous data variable "ISW" equal to unity. See. 

•Section 1.1a'. 

Oyttput b s ' Maximum voltages • of, each 'energisation. . » ■ 

Printout of.the-vector. of maximum variable values ..for.each 
.enerwisvtion is automatically provided. 3his is comparable 












uwt£ Curve SYnaou;— a,i,c 
THEORETIC*!. CURVE 5VH80L—0 
CQ*HQh CURVE SViteOL- 


to what the war gat a by setting ml sc a JLaneous data p* 

"MAXOUT" (see Section I.Oh) equal to witty for a conversion 4 
deterministic simulation The ’’reference angl " («*« Seotior 
1.40, Claee 3) la also autcmatieslly provided, ss part of 
this printout, ^ 

Output o i Statistical distribution of voltages 

Statistical dlatrit itions of maximum output—variable values 

are automatically provided. Then* are both w* at a time, 

and also as part v, '“.he distribution for the union of «U • ] 

such individual outputs which have the same wee voltage, '■ . j 
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9A*EBM * Mini llneprln tar plot*, .ojLswltch olontna felmr .H 

For "STATISTICS'* dat. cases only, the end of the statistical 
tabulation of overvoltage output » < signaled by lino printer 
ploto of the switch clo ling tiuien, Knoh "STATISTICS'* awitoh 
has such a mini plot, tie size of whloh la always the same t 30 
columns wide by 23 lines (of the printer) long. Up t,o three 
such plots can be spaced horizontally aoro.m the page. Experimental 
(sample) values are marked by the symbol "A" for the left-hand 
plot, B for the center plot (if any), and "C" for the 
right-hand plot (if any). The symbol "ft" i y used for all 
theoretical distributions (which will, be, either bell-shaped op 
vertical straight lines). The order of output of these plots 
is the swne as the order of switch card input. More than otte plot 
is produced horizontally on the pego if the following one or two 
switches have identically the same variance as the first one 
(which goes on the left). Tills wiil normally be the situation for 
the poles of a 3-phase breaker, and the uoer will generally want 
all three grapbo to be spaced horizontally across the page. If ' 

the user wonts otherwise, he can slightly perturb one or more 
varisnoes (a switch with a variance which differs from the 
preceding one will be plaoed below on the left, automatically). 


. . Ul^etrationd of the printer plots of "Output d" are shown immediately 

ortnt«a tlf 0 ! 8 ! horiz ? nte f^ ’ the reader may note that they were not actually 

printed this way by the computer (since both use the symbol "A" ). 
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An illustrative wunplo of ’’Output a*' and ’’Output h {t for a small 
statistical over/oUa/^ study appears an follows % 


3/lTA 6*55 HOW RIAOY TO 0C SOlVCO H A STATISTICAL OVf 6 VMLT ACiF STUDY WHICH tHWOUVCS 1 ENERGX/ATIONS 
[Artte«v •wefiG^c* of counts gw? or the 2r,n njsc* o/t* ha<o», clostug tines for the ccntLr-FLAGCcn ... ^ 

fcHg* tWZTH •STATISTICS* PUWCMTO t N LQLU M NS »W ( «*> A-K VAHID PAMKHLY* ACCORDING TO A MOP*AL OX $T® ISUTIQN. 

U$C* CAi. SELECT £TT Mlf % UNXFLRM UK HOKHAL JII. T? I .WT TON • f JlSCfl ON THE VAlUS JF PARAMETER *10IST* QF COLUMNS 

in cs r Hi sPicXAL f>t mistics irsc. data ca*d* the foil.‘wing rs a listing or switches whose closing times arc. _ 
^“^AUSTICHLT VAULC, ALONG WITH THE ASSOCIATED MU> l NU iTAMOA** OBVIATION fOK THE DISTRIBUTION, AS RcOUESTED 
t USER*. 

TO SWITCH ClO r :NG TIME •TCLUSC* IN SCO _ 

A, ous n **AY*V. sf0 ‘ OE :^!So f tdU **-*o*A 1^*3 

HI .. .‘JIM8 1 _ .091118 8 \ ...Q./^ 11 $TaT 1 ST<C£* 
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ASvU. 
ftSWi 
r $w» 


(V 4 chJLas C<Kmpu- 

t^Sa£> 'T 
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«VU)0 


i „ ,. v . *<]« |T3J> - 

fin Aonirnw to swjtch-T] ht. va»uauon gausco w tach sH.iTC>»* ft'^r'oT^l^oOTs^rrTficRC IS rwc ADDED P-ANDOM 

WHICH 1$ THC SAtlt MR All SwlfC-iLS, m.FCREU TO av T*t T t .*H VCrCRJNCV:, ANGLES*.,, o i s t r t rution for TMI$ . .. 

tl IS UHlFxiWM ovr? THf TIN;' Interval FROM *./) *0 . J'.COtlfe: Ml OSCKCSS *fol?U^GN .*Q0EMZ MZ 

NitMcr. this was au. s^lcsmed uy rm, osr.n using ns-O: •occur** r •usonax* * a«J * iccus* m~**i 

[THf VPeriAL <?rATI5!XCT MiSl* 04TA CANO* , 

GVCRr IF THE PAR/’HfrfJf •IT-ST* IFnuMU In Ml • R8»I»s OF fM, STATISTICS HlUC. OATA CARD) IS SREAT^ TH>Trfr^IERO t 

ANCufi is ser to zero ahu» ccnscgiu:ntly # thuAC is ho aodeo random delay. 

'THE rOLi,ClWlHG PA l N T 0 t/f t SWITCH TlMcS WhCCh ARC U5. ; .D FOR ! ACH CurP-C tZ ATIO.N ARC TA'TULAT 50 r FQUOWCfli SY P5AX 
|aT**VA»lAH...E VALLES WHICH UCCU^ FCK THC A^S0U.A1£0 STNJL«*T ION* FORMAT TOR PtAX VALUES IS IDENTICAL TO TH£ 
^(LUT fC\ *na u U« YAMAHA VAtury o r A CONVENTIONAL U.E., NOH-STA TISTtCAL) STU0V» TO WHICH PRINTOUT OF THC 

Orvi, 2 etdfu* 




ICE)- 



H ^i^LUjAAVC^ili. *2?yML. m.ijLUU-MLC^Ef T , 
nr;‘»r.T « •«.E^ruLfi l > are node yoltaV.5 <to lucai proumdj,\/ 


>£YT ? rasuvrs ARd ftNANCH VOL f A OLD* 


r* ANCLC 


AtTOCQ 


GENA 


flltWfIMJ 


oeno 

VM 



Q <L^n{XJUiUy v 

c ®’C^ uvtvw ' 9 f ') u ‘' tA *' 


Gaussian 


3HIT.CM CLOSING TINE5 POP. ENifGIZATION NUNQEJ 


I .2041 HE-Ti! 

*} * I ZQ flOpr^ 


HI 1 C*s*AA/1>J»£<'-xfr£ O- 

riHiS 


Srh 


•45ri a ie>a2 


Grariaec-02^ 


SWITCH CLOSTnC. rtHiS FOP £NrI^ Si I AT TON NUMQg R n ,2 
♦ » f r J0(l^0e-02 2 *3l277rt;-02 

6 .IHOUODL-OI ‘ * 


..*8flDttQ0£-ft2 5 . 

XnLir fu*wAt7*v* ItnnAd n^U-MV 

"«wl! ui?X T. s .005^6* ?,O0j 

•l«0Dtt0£-0f 


.ftfloooa£-«2 


» 

* 

♦ 


Etc. ^ G 


An illustmtly© atwnrle of "Output o'* for a small statistical overvoltage 
study of NINBRCr a 6 euergizaftions appears as follows* Of the several 
tabulations, only that for node voltage "A5 '* is shown* 
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RASE VOLT ACC FOR PgR^UNIT PRINTOUT * e4/llM0cf03 
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1 . 'J USER - ST SCIFICATIOM O F -JCUPCZ fllN OT DU fS fit) • FOR TYPE 1-10 SHOCKS 


i .9a. In t red ^ '» J ->■•> 


Section Uf< indicated that :--cur>-o types 1 through. 10 are reserve 
fop-functions which taw un«r wants w.riet'i-ip himself, functions • which are nut 
provided [Yir'hy the h'O'.iof type-scoiic. .11 orrw*»rd. The user enn resort to 
any of the fo.Uu»«l-j; three p/ucedurvb for defining his unorthodox sources.; 


Procedure 1 : IVi’ln* the source functions f(t) trapirically at every time step 
’ that it ia to he nonzero, and punch such points on data'cards 

whiea then become part of the EMTP data case. Details are given 
in Section 1.9b below. 

Procedure 2 s Define one or more source functions f(t) to equal a TACS 
varlabLe value... See Section 1.0g2 . 

Procedure 3 t Define one or more source functions. f(t) analytically, and 
develop the FORTRAN logic which will return, the desired value 
for any given input time. This becomes the user's own special’, 
subroutine "ANALYT" , for which he is responsible. The user 
* must replace the original dummy EllTP module of. this same name by 

his own module, before executing the data case in question. A 
special request card reading "ANALYTIC SOURCES" is also . 
required (see Section I.OCjjl 

Details of these procedures shall be elaborated upon below. Yet, if the user • 
is employing the "ANALYTIC SOURCES" feature for the first time, he should 
definitely talk with Program Maintenance before proceeding too far. Reference 
, to Section 0.5 might al30 be helpful, since details of how the user will 
perform his module replacement are definitely a function of the computer system 
being" used. 


1 *9b Definition of f(t) empirically, at every time step (Procedure l) 

If the user is willing to numerically punch his desired source values 
f(t) on cards for every- time step, then, the following is the procedure that 
he is to follow. See Section 1. for correct position of these data cards 
witnin the data case in question. 


RULESs 


l) The value# of the curves f(t) at t » At, 2 At, 5 At,. ...must be supplied in 
the correct time order with one* card for each time step. Note that the first 
card is for t * At ( not t * 0, which belongs to the initial conditions). 


v 


| Format 1 far 

: .!,; 1 j .■ i |! ! i »••! 

| Specif 

jJyj ^*^| y[jSj| i 5*| *r»lClj *o| w\j «ft[ 1 jij| 

■ ! : 1 ! 1 : 1 • I * 1 ,'! I ! • 1 j~ I 

,: scone*}, ,iQ..!.].] 

Mil 

3 

!:{ 



3; 




:]3i 

Of* 

rt 

r 

L 

1 • 

• 

f ES.'q.i 

TgTo" 

. !£B ».0:. 

:e8.q. 

'£8!-:o.i 

j £8**61’ 

9 


4 2 ) If all’Mp source functions become zero ardor to t » t. , then punch 9999“ 

/ in colffA-itf oh.thH hard where they are all zero for tne first time. Then the 
funotipis 'in that and. all subsequent. Uit« steps will- be regarded up zero. Do 
’ more cjtidJs must fallow ihn 9999 * card. 



• *3*13 | 

' • ■ # ' , 

If at lenst one of the source functions in the 10 field* J* 

* tjj&^O t , ♦hen n stock of exactly n cards with no blahl J&&£ for **** 

tip.H suj’fl i*'dt wh^-re* 


n ■ SwL» rottwhwi to nearest iflttjfSf • 
At 

Imapl oit m 0.0105, At w Q* 
^nax # 0,M ^ f ^ 1 

W * 0 * <W » 



n • t 
n • 5 

M? 


I 

- 111r -> <*■■ » Iter, anirce. 

Either .. on *>. «J “ 1 •SJJuTS.'w r.Tr^.rt:^ 0 

Section l«9h , the twee ^ fttitfMtJi. within subroutine H ANAlAT n , 

css: ssrrsss.^: M «** «»... 


Hole 41 


Rule 9 * 


ktl, IX 
Hlt.DUO 

»u,imc) 

*u,» wci 

SI*. JMt 
St*. «K 

si*, l**c 

Hit. MX 
HU. sue 
HU. f*ie 
mh m« 

HI*. $4K 
HU* ?«« 
Hi*. «« 
HI*. •**#« 
Ht*,»**C 
«IMMK 
Hit. Mi . 
RU» M* 

. illitlM 

XM.MM 

Hit, tit 
*1*. tit 

HI*. Ml 
HU. IM 


SiT-Urt till* theM, to cploy aub|putin« tt» 

of Rill 5* ^ 

In FORTRAN, the tioer *««t write 

WW ***** Nef lnss ^e one or »o ^d which i *> 

value t . (herwent *=«rds withln the ^ rBq uir*i*ntsi 

b< replace. by the ue/ir doc.JBent «ie inter* 

tsl» »•»«»«>« „•“**«; if,« 

r,rS^‘U^SI3i’5;;« ■%!;;!,1 K“““ .. 

ihjtasrHS ik rS&ssr* - “■« r 

s^’apw^gS^JbSi xjss 

**»»*«* y^rnWMM*wf* « 

MStBSte. * ^ . . 

Mi» ***«• «5 - *«5u h cMHutiHf tema ***** 

rrvi 
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Buie $ i Any function definition f(t) withi# /subroutine LT| M art 

applied by the EM1P after the empirical'4^| ^ &f Section I,** %: 

thereby overriding euch empirical definition*]' it is this 
sequencing which ehowe how and why it tq p,o«9qibXe to u»e a 
combination of the t*b definition jprocojj^fpfli 

a) Always* when using the *ASAJ>TT1C 5WBCE3 USAa«<* uptMn, 
data cards of Section 1,9fe mu st be supplied. If 

no functions f(t) are to be so defined empirically* . 
then it is just the single 9999-csrd which is 

, required. 

b) Up6n the call to subroutine "ANAbYT* , vector VOW(tO) 
will contain values aw they were read from th* ten source 
fields of the Section t.9b empirical. wowfr.e definition 
data cards. Or, if the tensi'witifu. f*t’) 9•-««pJ has nlready 
been read, VOLT(fQ) w<!3, be identical ?.»m» These 
input values for vector W.W( con of cour«** b*» used 
in the logic of subroutine "AUkfaPf* , if deeired. 


1»9d . Sample Illustrative tfaagg of Analytic Tyne 1*10 gwtwgw Definition 

Suppose that the following two sources are dew t ml, hr part of some 
.particular SMTP data case: 

Source 1 j A voltage source v{t) which is define# empirically 
(point by point), except that When su&h values are 
* found to b« non-positive, the following alternative 

assignment applies: 

»(t) » M ( “ 3 * ** , . . . ..I 

\- 5.4 ws*( t20T)i + 60’)]- 

Source g i A sinusoidal voltage source, where the phase angl 

varies periodically, cyclically, ouch might not be 
An unreasonable first approximation for a generator 
which is "swinging" in the transient olability sense, 
due to a system disturbance. Suppose we want-: 

v(t) « 303000* cos ( 120 lJ t + SCt)) 

Sit) w 30° + 10° * C0S(5t + *\ 0 * ) 


Xhs user can supply any number (from aero on up) of data cards defining 
source number l empirically, terminated by a 9999-card if such definitions 
do not extend through the final time step. The following subroutine "ANALYT" 
will then complete the.job of deriding the two desired sources: 


SUBROUTINE ANALYT 


Insert the current UKTP /BLANK/ here. On CDC, thin 
just takes the single record *CAU: ( , SUUOtt ; on Uni vac, 

the single record INCLUDE JilKOUX suffices. Other 
systems may require the full sat .of 50 or so records, 

( Don^t forget appropriate variable type specifications, 
vif any (such ae KPMCIT HKAL.% for rail, generally). 









t, ( rn.rO) 00 * ,w? 

01 * no <n * (_$£»'■>* * ' 
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9 M3 » > M * 
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i4b w . oos( 5.0*T * n«»V«.o » 

D1 m 50* * v - * 

w » TUfOPI * ( #>*** ♦ SI / 3«0# ) 

V0W(2) - 303000* * 008 < 01 ) 

luswrti 


1-15 kmtp Source* »^ 7r ° C * dWr * 
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1,9* Definitio n ox YE——— - M f-tO 8 WTC* 

* («..--s-M£rrs;x * 

MS3T«* tAo8 •'* rt “ 1 "\ 
’**•* 3 "* l “ ’■ ’ "' 

^ 08 _that** *13- ** t0 it# 


note about hierarchy nf P roceAu ^S& rt hoV . Ar « applied to 

■trsirrs.■sawn* - i "“- ~ ’~ 4 ” 

‘o' nr.« •:«v.r eS'^-SST (i ax th .« SS?«!»• 


> eowroea *» —-- ■■' 

to* * „ tl (if the bounding fin# 

0 m* . «•«• 2J* “ gg'££w*>. *»■ “ our °* ” 

”9999 he* not Jr** W . 

«» WM „ emitter. *U 0 »r-rld. 

s) r‘ «.i«) -u 

"•SZTJl? C. 5»« off «—• 
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1,10 FOR yl^TTgtO 

. Cards of this type are required *or 
„ ,-Jxt of additional data associated 

Sth^h, ploum* of a® ”if thi. 

voriobleo », r^jorroot o. ^ » r »u»*lp alkbsr 

is batch-mode plotting, "*«* ,*rL„ <0*!«,-» plotter), or «« ihfl . - v 

on tt ,* eoracuter-driven X-T J * £ f<T plotting 1* dons «*P*rately 

Sn^rUr (printer plo«ir*) ; ^ (.« »«Uon SO ). 

from the EMTP date-caoe wtop, bo is no? 

^n.rmlrip i’ntch-Wo<l«* Hotti ng 
*. Q-~1 Billet —• »•"—onrM S93£5fflAgg--- 

• svnllabls for plotting only J.f »•>«/ »* v " h ' , " n 
• SSU - 1 ’ rented for output as p«r ^Pt 1 "" ’- fc ■ 

.Hal. 2 1 Any mmb.r of plot, pan bo iewWofth" a™. W« 
—■ * 0 four curves par plot **r$ P * voltage* branch voltaict 

£s rs op piottei 

on the Borne graph, 

» a av* available for hatch-mode plotting* aH 

onto 4.01 «<• J> 1o ‘ - . ..:. 

^ ft.. 1 .it/MSM wnn#*-lind**ink p. 

a) 


Rule 3 


b) 


mo emu **»»»!, “*>?- will 

A ewpb l uat m th * 5?;i 0 “ a ®h"'^CALCO«P l> f«>'f" pope of 

^ ihu 

text. See Section 1.10-B-J , 

A graph Just on the line PLOT" mode of 

55SST -* tnla ■ 

text. 


Rule 


A t 


«) kiam awph on both '"J“”™v «a°tn*''"tEooMP vkintsb” noao 

“ r r;^ 

^ ueor 1= free to anl.oh bnob mi ^ZTmThT^rTj^ W' 
thp pourap of hie plot requests (“ e ”Hf^lcratl'it'lla "PnlKTBa &&*“ t0 

' ^ (u “ “ m,,nuon tte . 
fich footer ootuol plot tine). 

tv*#* two or more elements 

Branch or switch current, P«J*r, or at th „ present time. Aa 

which are connected in puraUel t *^ lnnl node-pair ^urn-u, the. 

plot branches are identified only ? m ,, r e qualityin« 

progr*r f^s in Z lV^r. IVIVr to ration 1 . 8 -A 

for^^remedy, should this mtncUOt. bother the user. 
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There is no limit on the number of data points which go into the 
production of each plot# If the array into which the data is read 
should become filled.; &®,4 more data is needed/ logical uni * number 
9 (the diak) is ,ussd f9F oyerflos?.- 9&o;rftjg*,» 



Rule 6 « There are 13 diffo**«s typss of *-«fde wh-Len way b« umd la rMquenttog 
batch-mode graphs fi»;$ th*. SJMfPt the plot cards an »• gioui or olnes 
of data will generally <?f 9 <c9fl4 wiled mixture Miese types t 



1. Card bearing 7flrcham<ct«r <sw#■* title text* 

2. Cards bearing graph .subheadin* S-extj. 

3# Plot specificating 

4* Card for specification of 3 or 4 bjranoh node^poir names 
(special requep$ wopij "BRANCH" ), 

5. Card for eytendod tfP&oiaiou of floating-point fields 
(special rpfiumt W jwW tvf 

6. Card fop Cal comp gnaphnsise adjustment * 

(special request WOFd- ’‘HEIGH'?" )* 

?, Card for Qalcpnjp gi 7 *ph« 8 eparuiio« adjustment 
(special request word ’'MARRIH" ), 

8> Card for redefinition «f smoothing tolemnoe ^ 

(special request word ’SMOOTH” ), 

9. Card for changing the gi’uphfng-mode selection 

(special request words “WUWH PLOT" , "CALOOMP PLOT" , 
and "CALO0MP PRINTER" ), 

10. Card for changing the plotter print-rhead otatus 
(special request words ’’PRINT HEAD QW" and 
"PRINT HEAD ON" ), 


U 



11. Card for changing the pens which are used to draw each curve, 
plus control of the drawing of a grid 

(special request word CHOICE" ), 

12. Card for redefinition of line limit for sparse printer plots 
(special request, word ’'?LPT I4NE LIMIT" ). 

13. Card for requesting that two or more plot cards be plotted on 

the same graph, with .possible suppression of vertical-axis labeling 
(special request wwrt "SUWPJPUSK" ), 

14, Card for the photographic* raagnifixation or reduction 6f 

a plot image T with special application to metric plotting 
(special request vK>fd "SCALE."' > s 

15, Card to plotting o.n.e EM.TP variable against another 

(special request word M| X.-K PLOT"' ) .. * 

16, Card for.switching from plotting to Fourier series 
(special request word "FOURIER Q.N."' )•» 

IT* Card for switching from Fourier series to plotting 
(special request wwofd, "-FOURIER OFF" >.♦ . 

18. Card to mark t ie termination ot -Hi p-e-eanting plot cards. 



40 a; 


Of <fe- above card only th» plot aprclftctlon carl or nwb-r 5 

is actually required to pitxiucc a plot* there *Ui be on- graph tor 
1 ! TL? a description of the tfMwil a«-> P»*•' 

r^UoaVAli or «>;».' cal. -ill 0. fauna 1» Action .■ 10 -K , undo, 
the number© which are uned &bov*« 


by the followir.g symbols and nod* 

vunftH * 


| Curve, 

Printer 

Plat 

Csltowip 

Plot 

ftjp 

: «« 

'pur 1 iMi< iflw »i 

, il 1 ; f’f* ') 7 ' 

o-itfut UiiV. ration) 

i H tfif i t f»i hi .»*>«»: 

1 


" o 

as ■* lo 

.*' • .14 aoie. p»*V 

Z 

B 

A 

31 - 

37 - \? f*'< r 

«»MMV **» ■• *—-• •»»«*— ■**"■'* ** ,U . 

3 

c 

Hr 

rt -i*i 

^**1 f ^ *!tirr*r jr ’V> r* l'r"f!h 

- *> :iu».r *- i 11 -w /«* V« 1 r " 

4 

0 

X 

12 - M 

| 61 J 

»»r; H i 

Intarnaction of ? 
or rpew '•urr** 

* 
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In the upper right hand corner of every plot, there will be a legund 
which shows the symbol, the curve number, end a sample line drawn by 
the pen-Cor each curve. An illustration for a case with tint.. 

curves follows: 




; 4 . 


: ■'{*'''• 


The output frequency of the curve-indication symbols on the Oilrnm;. 
nlots corresponds to every one inch for the unamouthed (raw) data, 

«pSuL whicn -ill «.n.™Uy ... oto'rn* olio, for -nUauUon 
by the user of what fraction of the data points has ueen diacarath 
during "smoothing" (see Buie 8 below). 

Buie 8 * If a Calcomp plot is to be made, the program first discards those 

- data points which will not Visually affect the plot, arcoHing to the 

following algorithm. This is the so-called "smoothing algorithm. 



.* v . 


V 

^Os * 





Initial i«t line 


if'd Win*. iih.?r dti«r4irt<!, pt. £ 





The first point ofplot xn h 

iraacinaxy line 1 b drawi fro* it s ."».**• She s-cond pout .plot data. 

Starting with the third point* t]r ‘' dAi:V%m ^ /’’ r triri/' ^o 3 et xro^ 
point from the lino is cnleu.M ted, or to '• ,oltt.«.-- 

(yee .Hale 6, Point 8) € : 

' a} As lorttf n« 4^0 , v.. i* . is 

simply r^peat^d fo’r thr- -V».l.1 f **• u«r. * rt 1 * 

b) Eventually, Parson r l* w= n-th^point 

\q ^n'th^r xwiov^l ti- m v » r '° 11 •*' : ■ ^ '* r *" ^ * 

Vhiu euue, the (n-D .P. P«>,r.t .«■ • -!.d all poiflt-i 

between the* <n-l)~«t w .:t aui the lent r,-v lomuy-otived 
point ortf^i&carded. l\..0 if bacd on the prti.eiplR Uux^ 
tft&iwi/ltf' avny uueh p"ir.t:i ell I. not •• i,*ri». J 1 "un ..ly n . «»*. t ,-v» 

. 'restating gxnpn visually, «h.»e U.try i i.o r,n t or rtbwt )U » 
the line about, whjcii the .a «-'v* h u lat.-a. 

Such distance-ten Mni: x.i tnan continued t-«uri*vi>ly, * 0 1 j.uvvtnf^ the 
n.-unple just outlined. It -m Vtfxn K>' drawing a new - !M - J -* ' ' n 
{n~ 1 )-st point throned th* n-th point* and. Umi on‘"*W .iLuume-s 
from thW new line for point* .numbered n +1 orword. 

one exception to the din taw-.. compnriMur. based on f. _ao ,iU«* 
««ert*Kl i= a.t pertniriintf « ,.»« 

a point of relative oxtr^murn is 2:HV< ‘ a t l ‘^ u , ,j f ton At oxt-ema 

fxim the line. In effect,• €. - 0, lo «h« 1/or the calculation at ext.ema. 

The value of oroootr.intf toleranee C in under tutor coritrol, by 
means of a special "SMOOTH" request «art, Du tails.are covered in 
'■ *(!' Section 1.10-B-8 . 

*«£• * ' Une printer plotting is executed or fore umoothin/' occurs. Tr.ua 

t e on i y suit, mode of batch-mode plot tic/ xo leus>; ur.eu (the last request 
of Rule b. Point 9 wan "PRINTER }, the «Ue* a«oothi.>^ process 

U uy.aocod, and not executed. I<ut f f. both. u.odon j V 

aeti-.aled (the last request of.ED.ie a, r'oint V *»'. tU.LH J, 

the raw data points are first-plotted on the lin« uvintur, then «n.y are 

smoothed and plow ted on the Oaieoirip plotter. 


The* user has control over whether all plot • 1 r f * 1 '[ * 

end horizontally (down the length of the /raoh P : «pei j, arc 

to be lined up vertically as well (aa pc.•rutted by the paper *,utn,. 

For example, couuidcr the foil owl nr *.-uot rar.ti s» •.ual.sonu: 




i> * t. u o * » * ^ 


» a 4 ♦ rt * * 


v /'\y !A f - K ■'■''■/ 

\ r t ' ? .• -> *> 


H-r-r 

/ 

i 1 / 


i, 1. A13. plots 
positioned 
horixoiitully 




; 4&b . 

i* * **'»‘>.*; : * * * **■-*'* * * * * * * * i * * <* 1 



» frrt- - 'll *»* 1 , 

t ■ i ; * s ( 

<k *» » • »*# * ****** 

«.• ylP T - * - T ~ •■“■ 1,11 ..»—«e 


Fi|i 2* ttlit 
k torttti**! 

J* vertically 

ia will kb 

S h riaontally. 

c*** 

Etc. 


fli« »en«r»l rule «* to EMtP batch-mod* plotting is as follow* £******* 
^ 1 ?CS vSrtloSljr (<*« on top of the other) Until th. paper width 
would b* exeeededi than the process b*gtne at tha bottom again^ to tha 
rl«ht of tha Just-computed plots. The first plot o t a naw data oaaa 
SCnUcSly begins at tha bottom of tha P*P«, too; 

0a*r control ofthia graph-positioning proctaa (veHioal stacking) la 
by oawa of th* following tnrlabloo* . * . 


,, SEAH H 


"SZPIT" paper width (height aw uaad here), aa d acrlbad 

.i» Section I.Oo . 

—— Haight of aaoh individual plot* aa daflnad by 
"SPAS 1 * a 11 HEIGHT” card. See th* daaorlptlon of 

Sootlon 1.10-B-g * 

Recall that default values exist for theae, aseumlng that 
re-defined by the user. In dune of 1977* CH3 translation** **** *| *** 

10. « 1.0 . and 6.0 inches for these* respectively. Using 

iuat-etated value* would give the horizontal positioning of . **•?? ’ 

regardless of the actual width (height) of the p o P ap *** ooeitloning 
h#»nd. c hanging "SZPLT” to 24.0 inches would result in the positioning 

the actual width of the plot paper. Of course if the *X* ^£2!* 

t* lees than , *SZPLT H , the pen will attempt to move off of the papar 

uMfitao. »» wyga;* jseTSSFu 

aee that the paper la at least aa wide ae tha SZHif value Wioh 
being uaed* then. 
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B. Input Data QardEonnat. 


Point 1 * Card bearing 76-cha rector case-title text 

• , - % J ’ v 

Bile card has a M 2* punched In column number 2 f followed by up to 7$ 
arbitrary characters of case-title text# thie text will then appear at thetop 
of all plots which are requested after this definition until redefined, t 

some later stage of the plot-data input* Blank text, is automatically provided 
on all plots which precede the user’s first definition. Height Of lettering 
on the Galcomp for this text is 0 .12 inches. Bio format fob data input 1st 


SBGBEESBEfiBEEBEEEEEBEEEf; 




I Is 

-1-. : * .• :. 1 v Ui ! 


t ' ; ' { ' 1 ! i 


Point g * Cards bearing graph subhead in# text 


Zero to four such data cards for defining graph oubhonding are permitted> the 
text of which will appear as a subheading on only the immediately following graph* 
Each line is 78 characters in length, with the lettering being 0.1 inches 
high on Galcomp plots. Each subheading data card is to have columns t-2 blank, 
wit,h the aribitnary text then punched it* columns 3-00 , as par the following 
fomat’r _ 



^R5RTOag3333agaaiaasaM^ai 


;-}•• 

iCAfiMHh&V 

l-l-i. i..u. 

1 > . > i t J • • ' • { ; ' , 

.. .... j. • l- w•JL**--* ..>. 


Point 3 i Plot specification card 

This la the only plot card type actually roquired in order to produce a 
graph}' there will be one graph produced on the Galcomp and/or line printer 
for each such—plctt card. Tbe card format is as follows (see following page for 
diagram)^ 


Cols. 1-2 ----— Punch « "1 M in column 2 . 

-a 

Col. 3 —--Punch an integer which depends upon the type of 

variables being plotted: 


i) For node-voltage plots, punch a M 4 tt 
if all curves regardless of number are 
desired on the same plot. 

If the requested curves arc to be divided 
among two or more plots, punch the number 
of curves wrtich axe to appear on the 
same graph, maximum. 


















Col. 4 


Cols. 5-7 


,4 * V" f 

40e 

ii) for voltage diff s mm °r PO^rg_j^ 
blanches or switches* punch an Q 
in column 3» 

iii) for currents or energies of branches or 
switches, puncTa "9" in column 5. 

Remember that dynamic synchronous machine 
variables are all plotted «« though they 
were branch currents, so they use a 9 
punch too. 

to follow are then assumed to he in these. units. 


for degrees 1 
for cycles J 
for eecondo 
for milliseconds 
for microseconds 


Based on the synchronous 
power frequency STATFR 
(see Section 1.0c 
for redefinition). 


Cols. 8-11--- 


Cols. 12-15 --- 


•ign for frequency in Hertz 

}tyn . for t the baae-ten logarithm pf 6 \ 

Note: *6" and ,, 7 ,, are applicable 

- to Bode plots only-the 

plotting of phasor solutions in, • 
the frequency domain only* 

See Section 1 • Og'i * 

th. horizontal ^ W 

(whatever they may be, from the col. 4 request; 

per inch* 

„ ^ 1(S . tf th e user punches "3.0" . in columns 

For example, it tne uati v will get a 

c _7 ^ n 4.” in column 4, then ne win fe 

time axis with scaling 3.0 msec/inuh . 

A blank or zero field has special significance, 

L a test for extended floating-point precision 

for*plot-card input fields (see Section 1.10-B-1). 

. a • i 4 WQ where the time axis 

Sll IS, in uni to of «h»t«er tho user ha. 
selected by his column-4 punch. 

The final time "HKAX" where the time axis 
will end, in units of whatever the user has 
selected by his column-4 punch. 

The curves will be plotted from the left graph ( 
limit "HMIN" to the right graph limit 
only? these limits themselves Wlll f 8 . 
lie somewhere in the study of zero 

“ "War (floatingpoint , 

paramtar: action «.«> wconau. ..... . 






Cbls. 16-20 Value aiH&ttest of vertical axis, H VMiN" *' • 

Oils is the minimum ordinate on the scale, 

• I»eave blank if automatic scaling is deni red . 

• Cola. 21-24 ——--> Value at top of vertical axis, "VMAX" , 

Ihis is the maximum ordinate on the scale, 
leave blank if automatic scaling ie desired. 

Kirther comments about "VMIN" and . "VMAX" 

Parameters "VMIN ,, and "VMAX" only have meaning for plotting 
on the Galcomp plotter, since line printer plot a are always 
automatically scaled 00 as to utilize the full 132 characters 
of carriage width. 

In cases where the minimum and maximum values of the one or 
more curves for a given Cal comp graph are not known in advance, 

■ it is usually convenient to let the JSMTP decide upon the 
appropriate vertical scaling. This is requested by leaving 
fields "VKIN" and "VMAX" blank. 

< •* •• In order for the "tic" marks on the vertical axis of a Galcomp 

plot to correspond to nice round numbers, the variable span 
of that, axis (VMAX - VMIN) should be divisible evenly by the 
axis length in inches. Hie' axis length under user control 
^ (see Section 1.10-B-6), although it fy normally left at its 

installation-dependent default value (typically 8.0 inches; 
see Section..'0.5 )•. 






A 
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Cols. 25-30^ 
31-36 1 


37-42 

43-48 


■ 



Network node names are read from, the four A6 
fields which are contained in the columns 25-48. 
•Hiese identify the curves to be plotted, as 
follows» 

i) For node-voltage plots, the name or names 
Of the nodes in question are to be punched. 
Any of the four name- field a can be left 
blank, if not needed. 

ii) For branch Or switch variables (element 
voltage difference,, current, power, or 
■ energy), punch either one or.two node- 
pair names which identify the branches 
• in question. Columns 25-16 arc for 
one branch, and columns 57-40 for another. 

If more than two branch or swi tch variables 
are desired on the same graph, the user 
should punch the special request word 
■ "BRANCH" in cols. 25-30; then the EMTP 
will read the node-pair nnfflen for up to • 
four elements Horn a• followjng curd, as 
detailed in ueetion i, Ki-B~4. 




v; 





Col*. 49-64 


Cola,.65-80 


16 arbitrary alphanumeric characters, to be 
used'as the main graph heading Xu ^ * • 

Calc.olp, -this will be drawn witn letters 0.20 

inches in height. 

16 arbitrary alphanyperic character, 
used*pp label thp vertical «fi* of the graph. 


Point 4 t Chid for input of 1 or * brancft-ro 

If the special request word "BRANCH" in punched in '■.olumnf, 2.» 50 o 

plot specification card (Point 3>, then the variablyp^in^nu :<ven infonnation 
made using columns 25-4-8 ac usual? instead, toe * iJ *• ‘ ' , ir 

from an additional card which immediately follows, where up to .our nod*-pair 
variable identifications are to be provided* 

' fp| iaiaisls{slsiy;si a aTsTli siaiw gjiaf.■ •■ ■ 

> ibi:: 

z :T:t:ii:;!::T8usi; i .8U5e: ,sus3| 3 um~ su& 5 &us? | oq&z 

-r -(*&• " /Vi ' Afe' i Afe. A6 i A6 A4> 'Afc_' 


NCKV- Leave blank if all curves ape tfl ftp plotted op the .‘mine 

graph. 

A nonzero integer between * end 4 will he taken to 
mean the number of curves on the same graph, .luch uooge 

is rare. 
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X 
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HJS1, HJS2 


BUS3, HJ34 
BUS5, 3US6 
KJS7, BUSS 


node-pair names for the first branch or ."witch wrn.cn 
is to have its variable plotted Oh the graph• 

Similar meanings for the 2nd, 3iti, and 4th bruuchea 
or switches. 


If any one of the four node-pair identifications contains tw>> blank words 

. (l2 blank characters), the request is simply ignored. 


Point 5 : Card for extended precision of floating-point fij/l.-d ji 

The five floatinr-point fields of the plot speclficatiui. » ird, "HPl" , 
"HK2N" , "KMAX" , "VKIK W , and "VatAX" , all vary j.r. watt., :Vot:> turn* to 
five columns. Now, this is generally sufficient '‘or typioua »< Mor. usage, 

in which nice round numbers ouoh ar 20.0 msec/inch fox* the ;ori:*ont>»i rucis 
scaling are typical. But the precise scaling of odd-hall tolonirco: nuen as 
16-2/3 msec/inch is clearly Impossible us inn such lied ted-preo i; ion field.* 
for data input. The option described below removes tins limitation. 










33E5Hg=jgSig 

IHPI'.it:.!' 

; |: \ hHiZN : 

HMAX . 

', VMIN . : 

jAsaaggHggg^jm 

vmax;;- 

Li 

i'SH&.OiL 

:j - '.ei $'•©■■•! 

t ..£1G.;o . 

-T. Eli. o ... 

! El610 


Sxception : 


For a situation where the user desires to us* both the "BRANCH" 
option of Point 4 and also the option Just d'-neribeu, it is the 
present extended-precision card which; is to no deferred: 

1. Plot specification enrd with blnnfr coin. 5-7, and 
"BRANCH" punched in columns 25-50. 

2. Uien the branch-variable name card of Point 4. 


,,„V\ 




V 


Point 6 : Chid for Calcomp ^raph-size /uy ustmerct 

- - * 

The-bottom margin and vertical-axis height of a Cnlooirm plot are installation 
dependent, though typically set to default values of 1.0 inch fund 8.0 inenes, 
respectively. Either or both of these parameters can be cnanged by the U3er t 
as per a special request card having the following Jonitat: 


[a* 

I 


ar 


<*• J. O «- --J - .1 

. - - • « -■ n 

—i ^ —i <5, X! i • 


2 

#— 

U1 

CO 

l 

uO 


.Specie! 

request 

word 

E4.C 

E4.& 

HEIGHT 


Cols. 1-2 


"ITYPE" , the card type-code is to be punched 
as unity. 


Cols. 8-11 ——- "BEGIN" , the new lower margin in inenes, rend 

using E4.0 format. 

"SPAN" , the new graph height (vertical axis span) in 
inches, read using E4.0 format. 


Cols. 12-15 - 

Cola. 25-30 ——— The special 6-character request wojd 


'HEIGHT" . 


All plots requested after input of this card will have this specified hot offi 
margin and vertical-axis height, unless subsequently rhannod by another such 
card at a later stage of the-plot-data input cards. 


m 

* 


1 


It might be mentioned tnat implicit to th in discussion i:-; tne assumption 
tnat the operator will start the Calcomp plotter with the pen origin at tne 
bottom of the graph paper; if not, tne lower margin In ;iimply relative to 
wnatever point the operator initializes the origin at. 
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If the total distance represented by bottom margin "3KGL’i" plua v*r< .t * 
axis height "SPAN' is greater than the installation-dupendont plot—paper 
'* "SZPLT" , a message is printed on the ling printer and' inn graph size-a^i;.-t 
request in question is ignored by the G<!TP. In this cnr.e, the program wbiiid 1 
continue to use the last legal values for "BEGIN" and ".d’A.K'- cither t Of*; 

originally set by default, or defined on a previous gjnph-n t/.a adjustment card. 

In this discussion, variable "SZPLT" is the total widta of the plotting paper, 
the value for which is under user control as per Section 1.0 . 

* * 
Line printer plotting is completely unaffected by the presence or absence of 
such a graph-size adjustment card (since it only applies to the Galcomp). 


Point 7 : Card for Cal comp graph-separati on adju st ment 

The spacing between successive Calcomp plots is Initially set by the program 
at the start of each new data case to an installation-dependent value of ' "KEEP" 
inched (an integer; usually equal to 2 inches). But such graph separation 
can be altered by the U3er at any stage of the plotting, by .means of a card 
having the following formats 


1 •« 

Ui 

a- 

> 

6- 


y 

<v 

Ui 

cO 

X 

** * ** _A'h.? .4vri -~ 

1 i * ( 

i i 

\ 

4 

t ’<i 

1 

i 

wr*' 

H 


MARGIN 



Colo. 1-2 -—-— "ITIP5" , ’ the card type-code is to be punched as 

unity. 


Colo. 1-2 -—-— "ITIP5" , ’ the card type-code is to be punched as 

unity. 

Col. 4 ———— "KSEP" , the inter-graph separation distance which 

is desired, as an integer number of inches between 2 
and 9 , inclusive. 

Cols. 25-30 —-—- The special 6-character request word "MARGIN" , 


Tile inter-graph separation which is .requested in this way will continue in 
effect for all Calcomp plots of a given data case until another such "MARGIN" 
request is encountered. But remember that each data case will automatically 
be initialized to the default value for "KOEP" at the very beginning; hence 
such "MARGIN" requests are only local to the data case of which they are a part. 

Requested separations "KSEP" of less than 2 Inches, are rejected by the 
EMTp, with the preceding legal value (whatever it may nave been) simply continuing 
in effect, in this case. A warning message of such a rejection is outputted to 
the line printer in-such a case, for the user's benefit. 

• Line printer plotting is completely unilf-fected by the presence or absence of 

■ such a graph-separation adjustment card (tiince.it only applies to the Oticomp). 


4 



w 
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Point 6 i Card for redefinition of smoothing toleranc g 


The numerical value for smoothing to le panes £ mo described in 

Section 1 .10- A-8 la given a default value of O,0f inch#* by the SMTP at 
the beginning of each new data cane. However* ita value la under user control* 
and can be changed from one plot to another by use of a special request card 
of the following format: 


! r 


EPS 


es;o 


, r*7* 

Spec:*. 


«< 


v3fr 


iSflOOTH 


Cols, 1-2 —-— "ITYPS" , the card type-code ie to be punched as 

unity. 

Cols, 16-20 —-"EPS" , the desired pew smoothing tolerance € in 

inches* read using £5.0 format# 


Cols, 25-30 —-— The special 6-character request word "SMOOTH" , 

A tolerance so defined will remain In effect for all Galcomp plots of 
the the data e.ice in question which follow* until sppthsr such redefinition of 
€. is encountered. * 


If the user defines ,f EPS M $$ be 0,1 inch Rr mors* S warning message ^ 
is printed out on the line printer, While relative extrema will be exact in 
sum a case, the general plot rhape beginp tP lock significantly distorted, in 
general. The message lust reminds the Uggp hip pletp IdBk SR Ragged# 

Should the tolerance field "EPS" be left blank op punched with a value 
of 0.0001 (inches) or less, the SMTP sets the tolerance identically 
to zero, and no smoothing at all occurs; the associated smoothing operations 
are completely bypassed,, and all raw data points are plotted on the Galcomp, 

Line printer plotting is completely unaffected by the presence or absence of 
such a amdothing-toleranee redefinition card (since it only applies to the Calcomp) 


Point 9 : Card for changing the graphing mode selection 

At any stage of the plotting data-card input, the user can request that 
graphing be done either just on the Galcomp, or Just on the line printer, or 
on both of these devices. This’is as pep Section 1.tO-A-3 • A request for 
one of the three alternative graphing modes requires a card having one of the 
following formats: 


BBGMBBEEEEeOSBBISEgB&E 


rrrjsm; 

<Ai . —---------- 

..PRlRlER.r.WI 

I • 1 : | ; i . i ' I 

..! CAU.c;0Mp; >WX 

4 ' " ■ 1 (■ ‘ 


t i 


i i 


i i , . . . . 


rrtmiij 


n .tA^P!*f_.PRINTfR ! 

.1.j...i. J..i 


..j. Li.. 

!! 1 44. 
..Li.. 

i i 
. .#.«.« 

; i 


Tl 




. 

■'TIT'" 

;rrTT 

I i I • ; 


I 


A. 




1 













m 


Coin. 1-2 
Colo. 3-17 


-- Blank* 


_ special request-word text tor .«<* desired modes 

".PH LNT.FJt pLO.T" 1) ..ffl^teB tjpe ^nJiowlnK plots come oul 
■!■•■■ ■■ r ’ ■ |ygt on trie printer. 

"CAL.COMP PLOT" makes P } 0 J® COme ° Ut 

' u * on Oalcomp plotter. 

"CALCO'^ PHIJITJSliV 'Wkf(« the following plots come out 
P ;Sr’.both the line printer and also 

on the <Hlcomp plotter. 

W tf f tntM»U£ .t 

s?s «* - abov - 

* * N 

IV, Mt 10 ; Ha rO for chanyirw the, j) lQte£I-JL! 'Jjii-dl& 

i:ome.pen-and-ink plotters haye^-^tfon or 

n,u, , pr)nt-h»:ftd, mthtr then dmwlng £ niid'in o/a inifoxm, , 

r. *rt--su 

r.rjrt «* - —■■ 

import^nco * 

The K.1TP in sot by 4rfW}t: pf> }”f}n $v “Lffift- lettert^i^thep ^ 

.H, print-.,,,d, ir u'ex^r & % 

n.-M'PUhJ" nt any point if* f)w pj<?f /W‘! ^ ftV - r <^ 1 ' * ” fP ’ 

i'o ] lu'.v :.MK format. 


i : Nitj 

t * ‘ * 

?• 1 r 

!-:•’ 

(Vi'll). >-R> 



iiSgiiil 

il OFF . j 

..f. .4.-1 i-.i | 

i . ; I i 

!T , 

* ! i 

' i ! 

1 i t 1 1 

J pH 11J 

!;;•»! 
• ••*•’<*■!. r”' 

• 1 i- , \ , 

’ j' 1T T‘' 

j-l -f 
, * 


w;V :» 


_ Blank. 

_yp^cinl.t^i.catrwo^ te*t for the desire** status 

of tne. print-heads 

"PBINT HKAB OPK" waken the fo.llnwi«e (alcomp plots 
having lettering whirr. Is drawn by 

the pen. 

"PH I NT nun oh » make, the following ^tcomp plots 
hnvihp lettering which in typed by 
the print-heart, should the hardware 
capability eK.int. 

Urn *111 ;■> wnln In effect throughout the data case 
‘ “ .y ee: .equer.t, Iiinc ]jrinter plotting is 

. 41 L-'hend tttitna requeate* of course. 









* 

• Different oupree of any plot may tm Amm *OM different pm*, If desired, ’ 
•'mon usage is to either vaxy the boldness of bUnic tines, or else to plot in 
color (with each curve being * different color), 3*ie$> a choice of pen# can be 
changed at will by the user —*» trm plot %9 plot, if desired# 

T ‘ 

The option of a pen-drawn grid ft* plots is also available* Common usage i« 
for plotting o» unruled (blank, pure*ebitt) pm per# Grid linos are drawn every 
inch, both horizontally and vertically, 90 extension* to the M Ue M marks of the 
axes# 


User control of the two preceding options is provided by a single card, 
which is to have the following formatl 


sgajaUi ggHaS 


tssmss- 


PEN CHOICE 


18 :i*i ::is it : : it 


. I ! 


KPSR10 m*i I KPiNg kmMp 1 Hf44 


Cols# 3—12 


Cols* 17-24 


Cols, 25-32 
33-40 
41-48 
49-56 


- Special request-word text 
, punched in this field. 


*'m CHOICE" 


"KFGRID" , the integer pen number ( IS format) 
which is to bs used for drawing the grid* A aero 
or blank field will suppress the grid (i,e., none 
will be drawn), 

KPEH{i) , the integer pen number ( 18 format) 
which ie to be used to draw curve number "I" of 
the plot, A zero or blank field ie taken to mean 
no change in the pen number (from the preceding 
assignment) for the Qurve associated with that data 
field. 


The requested pen ohoices and grid specification will remain in effect 
throughout the data case in question, until altered by another such request card. 

Before the first appearance of such a card within any data case, the program 
automatically provides the following initializations 

JCPCRID « Q ( X?0l(l) - 1 for all I ) 

That la, there will be no grid, and all curves will be drawn with pen number 1 , 
unless an explicit request to the contrary follows. 


Point 12 


"or chant 


sparse 


for curves where th number of raw plot data points exceeds the number of 
printed lines of a line printer plot, there ie no problem wJ th lin limits on 
printer plots; printer plots con be of any length in this cane. 



ar 

But if the user requests more printed lines of time axis than there are 
raw plot-data points for that interval, then a special limit "LINLIM" 
into play. Such a ."sparse" printer plot will be terminated when this lints Ui-nt 
is exceeded —— where "sparse" is defined to mean that there are fewer raw data 
points than printed lines. Such sparse plots are characterized visually by 
lines of plot output which have no curve symbols. 
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Sparse plot line-limit "LlWtlM" has been given a default value of 100 . 
This limit can be redefined by the user, however, using a special-request card 
of the following format? 



Si 

Vi 

Tj p.uojrj uiNE:|unit, 

.....Li ... ; 

1 I ! 1 i 

:I9 

i ■ 

iiNiiii 

. ». • ■ 1 

r 

i. 

t i 


Such a user-requested "LINLIM" • will remain in effect throughout the data case 
in question,, until altered by another such request card. A. following data case 
will begin with the default value, however. 


Point 13 t Card to superimpose plots and/or suppress vertirial-axis labeling 

It is not uncommon for the user to desire extensions to the basic plot 
capability of the Point 3 format. For example, he may want! 

the plotting of more than 4 curves on the same graph, or 

—— the plotting of different Variable types (e.g., node voltages 
and branch currents) on the same graph, or 

— the addition of a vertical offset for one or more curves of 
a graph, or 

— suppression of the vertical-axis labeling (leaving Just the 
vertical line with tio marks). 

All of these operations are possible, by careful use of the powerful (but tricky) 
"SUPERIMPOSE" card. • 


User oontrol of special features such as those Just mentioned is by means 
of a special-request card having the following general format? 


ECEBBeBBGE0EEBEEEEEf3l3rat3EEf3EEESEIS£^EBEB 


SUPERIMPOSE 

I i • • l I i * 


M tf.t..It 

.'in 


.... H..i 

t-H-K 


Columns 

3-13 

mi 

(24-32) 


MPL4 
(33-40) 


* i I • ‘ 


:;is 




I < 


m 


:7.1s 


> i 


MR IS 


EEBEEB 


r is.: 


MPLS! 


Special-request word "3UPERIMP0SE" is punched in 
columns . 3-13 . 

The\integer number of plot specification cards (Point 3) 
which are to be superimposed. .Any non-positive integer 
( .g., zero or blank) will be defaulted to unity. 

A flag for possible suppression of the vertical-axis 
labeling. If no such labeling is desired, punch a 
"1" in colunjn 40'; otherwise, leave blank or zero. 
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5CKE*5 A flag for possible suppression of the vertical-avia 

( 41 - 4 fl) labeling. If no such labeling is desired, punoh a 

H 1” in column 46 ; otherwise, leave the field 
blank, or punch zero. 

This ’’SUPERIMPOSE" feature is voty powerful, but also a little tricky. 

Por this reason, it is desirable that the user understands few basic operational 
principles, rather than just the plotted effect. 

Principle-1 s The superposition feature is based on suppression of the 

"“ i ”" ’ origin-changing operation which normally occurs, upon the 

completion of a plot. If the change of origin Is omitted, 
the following plot will be drawn on top ( i. 0 ., superimposed) 
of the preceding one. Thus the superimposed plots are 
really separate, independent SMTP plot} they are produced 
separately, just as would be the case if there were no 
. "SUPERIMPOSE" card. 

Principle 2 t Ali non-curve inking for the second and later of a group of 
superimposed plots is automatically suppressed. Thus the 
grid (if requested), the axes, the date and time (etc.), 
and any title will only be drawn once —— for the first 
<jf the superimposed plots. The sealing of the second and 
later superimposed plots la not documented on the plot, 

•' then, it will bo noted. % 

With this underlying information now in hand, let us consider several cases of 
novel (but not uncoastion) usage:. 

Usage 1 » Suppose that the user wants to plot more than four EMTP 

variables on the some graph. He . simply places these on as 
many different plot specification cards (Point '!>) an he 
may require or desire, and then these are preceded by the 
appropriate "SUPERIMPOSE" card. 

As an example of this usage, consider the required data cards 
for seven node voltages on the same graph: 

SUPERIMPOSE 3 


144 

5. 

8-8 

88* —20* 

20.MODE I 

NOOEU 

NODE* 

144 

8* 

8*8 

80* -20* 

20.MOOE3 

NC0E4 


144 

8# 

8*8 

88. -28* 

20.ALACK 


BLUE 


y • 

Usage g s Suppooe that the user would like to mix different plot-variable 
classes (e.g., node voltages and branch run-onts) on the a«tfue 
graph. Separate plot specification cards (Point i) would be 
constructed for variables within any one c.Lnns. These would 
then be preceded by the appropriate "HUPEKltYIttiBE" card. 

Ao an example of this usage, consider the data curds which 
will plot two node voltages and one brunch current on the same 
graph: • • 

: SUPER iHPOSr ; ' . 2 ' 

t44» tuo «o. -hu. 20.now a urn*4 • 

, ; 1U4 a. O.fi 80. -4.0. 4*0!IU$K fitfSM 
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Suppose that the user wants to compare two or more curves 
which are similar. If such curves were plotted to the seme 
seals on the same plot, it would be difficult to distinguish 
one from the other. One possible remedy to to offset one 
or more of the curves vertically. In the esse of three curves, 
there would be 3 separate plot specifleat. 4 on cards (Point 3)» 
the vertical, offset for each is produced by adding the 
appropriate constant to both "VMIN” and "Vr-tAX" of col - runs 
16-*24 . As usun 1 , such plot specification cards would be 
preceded by the appropriate "SUTMSRI.VPGSK" card, in this case 
having a "3’' punched in column 32 . 


As sn example of this usage, consider the cane of three node 
voltages* The second is to be offset one inch above the first, 
and the third is to be offset one inch above the second. Also,, 
vertical-axia labeling is to be wuppressed, note: 


SUPERIMPOSE 
144 »*. 0*0 90* 
144 ft* 0*0 80. 
144 ft. 0*0 80* 


3 

-20. 20.N0OEI 
-25* I5.NOOE2 
-30* I 0.NODES 


I 


Usage 4 t Suppose that the user wants to suppress all axis '• 

labeling on a conventional plot (not. uncommon in the case 
of publication). To do this, the utsual plot card would be 
preceded by a "SUPERIMPOSE" card having a "1” punched 
in columns 4-0 and 48 » There will not actually be any 
superposition as such, of course. Rather, the user is merely 
exploiting the axis-labeling suppression which is available 
only via the "SUPERIMPOSE" feature. 

As an example of this usage, consider the case of two node 
voltages, for which no vertical—axis labeling is desired: 

SUPERIMPOSE * 

144 8* a. Q «0* -20* 20.NODE I N0QE9 


In the case of "SUPERIMPOSE" .usage, variable identification has been modified 
(oompared with Rule 7) so as to account for a large number of variables. The 
ourve number (e.g., "7"), the curve ay^bol (e.g«, " +,l )» nnd the one or two 
6-character identifying names are all drawn r,id« by side. This iw-gino in the 
upper right hand comer, and proceeds downward in order, spaced four per inch. 

A sample is shown at the right, below. Standard 
C&lComp symbols have been used, the first few 
of which have the following correspondsce: 


':. I 


, ! 

:■ I 5 j 4 

5 | 6 

: 7 1 0 1 *3 

.. 1 -1- 

©1 

a| + j X 

<>j. 4* 

% 1 z I y 


1 

JL 


-ri 

*1 


o: 


+ 


GEN 

CRTH”_ 

LOAD" ;* ; 

• I • I j 


PR I 
SEC 
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Vertical-axis sbaling is unambiguous if th user floes the scaling himself, 
BMllr (!.«.. ^ punching fields "VMS" mt “»*** Jjt if™* «-?♦ <* 
tfap Point 3 plot-specification card). But if these vertical—»xir fielda are 
left blank, then the SMTP will perform its own scaling, and the J»:ter will be 
forced to figure this out after the fact for variables of the n«*'*«:rt and liter 
plot-specification .cards. Remember, only the vertical a Tin the first 

such card is drawn, and even this can be suppressed if so desired *.y the user! 

As a general rule, it is recommend that the user do all of hi a own vertical-axis 
scaling, on those plots which involve the- '"SUPERIMPOSE" urn-v, 


As for time-arts scaling* it is assumed that the user has enough sense to 
keep this the same for all superimposed plots, if this is what he really wants 
(and it normally is). There are exceptiw.fi, however, rsuoh as comparing different 
segments of the same curve. If the time-aria scaling In varied within a group 
of "superimposed plots, the user is simply advised to be careful, and to remember 
what he did, since only the time axis of the first plot-af«v«ifi cation card will 
be drawn on the graph. 




PRINT HEAO OFF 
SUPERIMPOSE 
194 2. 3-0 15* *f3, 
144 2* 3-0 (5* f20# 




S2~ 
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M s Card for photographic magnification or reduction 

CalComp plotting software has a SUBROUTINE ?AC?CR(F5 which 
allows for the photographic magnlfication or reeduction ot a plot, r< 
is by means of the :<ey request word "SCALE'' that tnis is made 
available to the EMTP plotter: 


(3 '* 1) —— special request 
word "SCALE" 


v- : •/ r?5^in? ^g?s3srs 

Trt+'JtT:: i7ir : '. :*: lirnifurlfej 

Iii/iiiili i ■ i * | j I n, | - i x-ir--.rn-r t- ). v -- i r - ■ ■-r ■ r- J —*- - * * " ll *'^**|* ' 


(25-32) —reciprocal of argument "F" 
of CalComp FACTOR , 


Hssli 


with SS * 1,0 , there is no alteration of the plot size; for SS 
greater than unity, the plot contracts; and for SS less than unity, 
it expands. 

The most common application is for metric plotting, in countries 
other than the USA and Canada, The idea Is very simple: do the 
plotting with English units as described in the^instructions,*nd w.n 
slightly contract the plot so that one inch wii*. equal t - a little 
For this, one uses S3 p 1,270025 , AU labeling *IU then ct a *iv.le 

smaller (by this factor?, and axis Hie **r<* SMTP 

background grid will ftave separator** ot 2,J — M(J in 

user, one simply mentally replaces .9*1 mention of inch,, in - 
instructions by »«. centln,eters» . K« 

"HPX" of columns 5-7 of the lt ^ l ^tc )'per ’inch for 

say that this is the number of time an*-* i TsWcns ? this is then 
the horizontal axis. But if one $3 * 1 * !< m L r ^ rs That is, 

to be read as the number of time unit* P«r l'>r centimeter, 

divide the number by two to get the number ot tl*« unit! 9*1 

It really is quite straightforward, then. 

Point 15 : lard tor plotting one OT variaol. vs. 


Historically, all BMP Plotting 
on tne vortical axis (ordinate), s’ i, use o£ tne 

abscissa). But. subject to ° r " le „ Flo t one BMP 

special request "X-Y PUOT , -ne * described in Ref. 8, 

variable as a function of the °* he *' J* 9 £ I‘ "a ' T ho following 
Vol. VIII, 27 January 1979, paces PSOV-9 o,..a.d. 
description is reproduced iron tc.at presentation. 

_ - _ -.,* 4 .^ au^ariwed 

aulM for the r.evr "X-Y PICT" future are *—* 

by the following: 

j ■> ^,, Aiyvjfl urn honored, and 3ome 

Rule 1 : Some of the old S.C? batch-code p*e-* - a ~- 

. are mot. Tfe have: v , -r^'c 

a) The cards which 2 Zt ■•— r ’ rr ' i ® i«c*T otTpS^ 403 


.Jl 


resect of Point; - ‘-3 aCCVy 

:^uir^Tor" „«Licaf.« b£ ** ’-^leu. 


Other aoeciai regueoto or 
so should not be «3*d by tne . 


,adxrw Ln the Uat arc not hcncrea. 
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Rule 2 s Three special, new cards signal the request for "X-f PLOT" usaget 
Card i s KSss s s s^^ 


r X-ijP't'OT..'" : ! . -4 A G' " - •' •:. 

|fa±ji4:)(4,;t»i ^jrtaiE 


(?-io) 

(15-38) 


2pc. ial request word "X-7 PICT” is punched 
in columns 3 through 10 . 

Arbitrary 24—character title for the 
horizontal cods. 


Card 2 i 


zesz&z 

.. £3.0 | 


ixmL\ 

~i —r— r- 1 


(l-3) ; . 

(9-16) 

(17-24) 


Card 3 : 


Variable "IJm" , the length oi* the 
horizontal. ("X") axis, in inches. Zero or . 
blank is defaulted to eight (.3.0) inches. 

Variable ’nCffo” t the nlnkzux "X" value 

(value at left end of horizon cal axis). 

Variable' fi X17dC n , the rwxizsra "X" value 

('mine at the right end of the horizontal axis)# 

S2ig : If the ua«r l*HV*n both "X:CX" and 
,r XMAX" blank, th« XirfJ? -.nil auto¬ 
matically chooae these values to 
, cover tno curve being plotted (by 

means of call to CalCorap "SCALE" ). 


. . * ” ■ 1 * '1 ’ ■ " r 11 *■& — **» '■ ■' * ■' 

£2.a:j £2.0 j SS.Oj.ES.O! £3.0, 


Jl£Ni-ijCNii;*!._Yrn^x LoiV.. J ..SYM' 
m_i_i_ j _ i__ 

( 1 - 24 )-variable-! "irf v “ , 


- variabliS " 11 ‘fV* , ( a . vi '';"VdC" , 

• s 'G i# - *■,- -h*: t- i.tL j varicibiea 

or >-v! *; - 'Kir ■: (\*ir'ureter*) wVrs z.‘cr 

t;-* k * 


( 25 - 32 ) 

div 


(33-tC) 

sxa 


Xiixber drlsi, .-- * •:■ ; v! .r xrap:; paper 
' .* I 1 ;;-! „,•*•! ,w< .1 

?•• * r -'.r ;'.tL % .w. • . 

.. zero cr .v. to ton (10.0) 



Cr.f I'iij thin, the nutoer of synsoi-i which is U3«*J 
to identic"/ tne carv«u. hero or blank is 
tr ■cert re ted to .'.ran that .va •j'/usolo shall be 
1- ju the .-luvim for r: trees ns of ider.tifiohtu^ 0 * 
zzrd OaiC-iCio ilentlf ir ration synboia are 
. baaed tn -.he na*ve r un peg*. 
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•V- 


Hi 


tea •' •«.s srsss^s n.u. ■'., 

■w slSSSTbJSt#ITSJS 1 .^ 2 at-- •*»«-:■.■..■ 

• following tafowatiba* 

^ junub »i* in column 2, al#aj*» .'•/■•. 

—. $mh type code. &*e H" _J 05r .rg? 1 ®* 
for branch voltage!*, and 9' for 
brewed currents. 

|t code-integer for the units of tha column 
«M5 time specification* &>« * ._-•*! 

tttilllaeconda* «to*> a* *it* conventional plots. 

,— ffjgjaus. or beginning tine of the points to bb 

plotted, in units of the aoluata-A specification* 

,.^ ' nsfor-wm or ending tine of the points . 

Viotted, in units of the c«lum-4 specification. 

gix^haracter name* { A6 fbraat) of fflBJ . • 
variable* which are to be plotted, the ^ jr3 ^ 1 
tea variable* are for one. curve, a» on ordered 
(2,.xl pair of variable*. I'or node voltages, 
then, columns 25-36 identify the fl^t 
. (with the X-oame appearing first), sri °**S? ... 
37-48 identify the second (if a second 
for branch voltages or branch currents, 22l| 
of names is required for variable identification, 
recall (e»g», columns 25-36 .. 

Just for the X-variable)? * w J^*,455oh« 
on. rarv. of branch «rlnbl«, th. 
option can be used (see Point 4 , P^ 3 w * 

Of the Cser^a Manual). 

,h. 1 %? diralb^'raSTrara ra^ b^orarU^l^pSuS * »&-• ^ 
plot are listed &s follows* ' 


(i-a) * 
C5) - 

U) - 

*. » 

< 8-11 ) 
'<12-153 


; 25-30) 
51-36 
37-42) 
^43^46) 


.«*““!.■_rr~ • 

x«*f • ft P *HP-3 _ ^ ^ .. •’ ^ 


r 


i; 

i 




* ' 


i. i . f 
I , ; 

.. I 4 




i;?f ft 4 
"t *i 


i 3 r l 



Sboqid the user want to switch<baek to eonventtonal plotting after 
he is don, with, his X-Y PLOT usage, a simple trick is required. 

Repeat the three cards of the Request which switched to X-Y PLQt uSese 
in the first place, only with LENX a 9999. This is taken as a speoifti 
flag meaning that a return to conventional (vs,, time) plotting is 
desired'. 

. „‘i, • * . , 

In order for the. Y-qs.il! labeling (numbers) of a printer plot to 
be correct, LENY a 1-3.0 is required. For any other Y-axis length, 
the user should disregard the. Y-axis numbers of a printer plot of the 
X-Y PLOT type. The q-wiye itself should be validly constructed 
• according to the user's requested axis scaling, however. 

Extra working space is required for X-Y printer plots, beyond that 
needed for conventional (time) plots. This is invisible, and neither ' 
affects the user nor the computer (no additional arrays were added to 
the EMTP) ; as long as sufficient working space remains. Variable 
dimensioning (see Section 0.6) iSi the ke.y determiner, in that it fixes 
the Size of working, space 'COMMON /C31B01/ KARRAY(?????) according 
to the total size of /LABEL/ , plus (usually minus) any additional 
user-requested offset. This same working space is used for building 
p he ^“1 PLOT image from the raw data points of the curves in question.. 
For 130 cells of resolution in both directions, 16900 INTEGER cells 
of extra storage are required (in addition to space to store the raw 
data:.points, for the curve or curves).. If sufficient working space 
for such an image is not available, there will be a fton-fatal error 
message, and the plot card will simply be skipped. 

* 

. lrn The n "?" Y f L0T,t option is available for both printer plots and 

PRrwTFR« Pl - fc -' l I any combinati 9 n * But when using both via the "CALC0MP 
PRINTER request, many users will have a conflict between the 13-inch 
wide printer output (131 columns at 10 columns/inch) and their narrower 

? a^riiZh BP lL e H 3atek iS ” lnches) • TH«ro 1 3 trouble inS Se 
Lfli* le !? g J h ‘ which runs across the paper of both devices. If a 

lost of f P the uoLr e fi iy d ® s j!‘ ed ' th * °PP er ' quarter of i t should not be 

be selIIted%h P ?ff ° C paper, so LENY, YMIN,’ and YMAX should 

oe selected to fit this smaller width. The printer blot will still be 

be°warned "ab'thT^I,^ * M J I**""** »oale.. But the «ej foil'd" 6 

for orintinv Ld h ® ,J: XiS ? nd lts roarkin 8 will be erroneous. Logic 
ror printing and putting numbers or> the Y~axi 3 was fixed for i?i 

193^°^!^/? the year “? e ((9?5?) ,. and ' i^not^nbw ^September, . 

! y B\ wte. sr& i 

for a A printer h plot S °thii°?, in ^* aeb ■ <W r .motto« (number of. cells/inch), 

LNPIN 1 gives the limVir 0 f cootr ^ ‘ ■ vkriabi* 

automatically defined ludhj while it should 

overlay l) r it oan be altLJt^dpage (in modulo ’'SYSbEP" of 
for the number o?^ ofcSr?otw««-fh‘ h * U3er 85 per Sectl °" '•»= • As 
nominally set •.? to s^^(lS? h w # ; roM --' , .- prtnte8 - u "«. t* 

If the X-Y PLOT d 5 t0 oonventtOhal older printers. 

9o so via- a Sixth Atl/tlltt w g! t J ‘° «V however, he , . 

flew is also E8 ;i M ’ ?" th ? Y-axls card. This extra 

affect the Y-axls aJJ f ?U a v 1 2 ft i*4 &Ut ® u<5h an over-ride will not 
If. the- user Qver-rides^tbe Yn has 10 huilt into it. 

the numbers on the printed Y-axis ac iieeft^ then,, he should ignore 




•;A 





/ 

t+i 


Point 16 i 


d3b 


Card for Fourier eerie* computation 


t 

7 


Although it h«« nothing to 
do with plotting* tne Fourier 
series. computation of the JSHTP 
c6n only be accessed via this 
fertTP data classlfieatlon, 
using the special request card 
(see right) which switches 
from plotting to Fourier series! 



( 3-12) —- special request word "FOURIER ON" 


C25—323 —— Number of harmonics which are to be printed, NFQUR , 

If left blank, 30 will be printed (default value). 

For KPO equidistant points in the fundamental period, 
only KPL/2 harmonics are computed. If the user 
punches a larger NFQUR , it will automatically be 
reduced to this maximum. 


Next come "plot cards", each of 
which Identifies one EMTP variable 
and a time window over which the 
Fourier analysis is to be performed. 
Columns 16-24 and 37-80 can be • 
left blank. Punch only: 



< 1 - 2 ) 
C 3 ) 

( 4 ) 

C 5- 7) 


( 8 - 11 ) 


(12-15) 

(25-30) 

(31-36) 


—— Punch a "1" in column 7, as with all plot cards. 

—- Punch "4", "8", or "9", depending upon whether one 

is to Fourier analyze a node voltage, a branch 
voltage, or a branch current, respectively, 

—— A code number indicating which units are desired for 
time parameters HPI, HMIN, and WMAX below. For 
cycles at the power frequency, punch "2"; etc. 

...» Punch any believable horizontal scale HPI , This 
data is not used for the Fourier calculation, but a 
credabie value is required to successfully pass 
through plot card data checking logic. 

—• The beginning time "HMIN" of the one-cycle window 

that is to be used for tne Fourier analysis, in units 

of whatever tne user has selected by his punch of 
column number 4, 

—— The ending time "HMAX". of the one-cycle window, etc, 

"BUSi" , first A6 EMTP variable name. 

"BUS2* , 2nd A6 EMTP variable name, if any. 

For the Fourier analysis of a node voltage, only BUSI 
is used; but for branch voltage or current, 8U52 
is also required to. Identify the variable. 


There are as many suen "plot cards" as the user wants Fourier 
analyses. For each, there will be a tabulated output snowinq tne 
harmonic number (first column), cosine coefficient (2nd column), sine 
coefficient (3rd column), complex amplitude (4tn column), and relative 
size (fifth column), of which the following is an examples 










magnetic tra?i«en,ts prqgmm ,«***),, digital (deo VAxMi/m ,.translation as useo by bpmw»s«j) 

-iTt (MM/OD/YY) ANDtffltfTQF OAY 09/30/80 22.54.40 ‘.Wmw vPLOT ;FIU * 9J0;JlHM»t. 

FOR INFORMATION, CONSUL* THE ; 7^Crf>^iE EMTP RULE BOOK DATED SEPTEMBER,*'f98ff, ' .PROGRAM VERSU'N * "NUK 
INDEPENDENT LIST UNITS FOLLOW', -TOTAL LENGTH OF . /LABEL/ ..^EQUALS *3‘498-71 INTEGER .WORDS,, < •? 

125 8100 10000 50 300 100 140 20 9000- 400 9.'. t ^ x1t i iS> ,6000 ’ .720 H 

OESCRIPTIYE INTERPRETATION O.F HE.N-C.ASE INPUT. DATA 1 IHPUT DATA CARD IMAG^^ff/lfE.ft ^L j^O COL 

♦. .. i. i- | U 

MARKER CARD PRECEDING NEW DATA. CASE, 1»CC*» N£H <ftATA CA&jS 

NTSC. DATA. • 0,1006*01 O.POOtEtOjl ,-0,OOOE.OO 1 1,0 ' 9,0 ’ 

MISC. OATA, 1 1.0 0 0 0 0 0 0 0 1 ; t, .• ft 5 ‘ 


MARKER CARD PRECEDING NEW DATA. CASE, IBECIN H. 

MISC. DATA. • 0,1006*01 O.R&ftC.Ojl O.OOOE+OO 1 1, 

MISC, OATA, 1 1 .0 0 0 0 O 0 0 0 1 

SERIES R-L-C, 0,100E,..01 O.OOOE+OO ^jOOOE+CO 1 VALUE 
BLANK CAPO TERMINATING BRANCH CAROS.' 1BLANK C, 

BLANK CARD TERMINATING SWITCH CAROS, HLANK 0 

SOURCE, 3.0QE+00 O.OOE+OO O.OOE+M 0. 0.0£*OD l IVALUE 

o, iiiu f*»DB Si’HO/’r ^'unc _ " ■ i orm, r> 


*C, 0,100E,*.01 O.OOOE+OO (p.OOOE+LO 

TERMINATING BRANCH CAROS.' 


VALUE 


1 BLANK CARD KNOT NS BRANCH CARO?', 
HLANK Oa'RO'ENDING SWITCH CAROS*, 


BLANK CARD TERMINATING SOURCE CAROS. *. v 
REOUEST TOR OUTPUT OF ALL NODE VOLTAGES. 


1BLANK CARO. ENDING SOURCE CARDS. 

1 i F * 


COLUMN HEADINGS FOR THE 1 EMTP OUTPUT VARIABLES FOLLOW, THESE ARE ORDERED ACCORDING *0 THE FIVE 
POSSIBLE EMTP OUTPUT-VAST ABLE CLA55E5, AS FOLLOWS .... . 

FIRST 1 OUTPUT VARIABLES APE ELECTRICfNETWORK NOG£ jV.OLTA'Cfc? <W?T« RESPECT TO LOCAL OROUNO)I 
NEXT- 0 OUTPUT VARIABLES ARE BRANCH VOLTAGES (VOLTA?# Of UPPER NODE MINUS VOLTAGE Qr LOWER MOOE 

NEXT 0 OUTPUT VARIABLES ARE BRANCH CURRENT? (FL'CRIN? FROM THE UPPER EMTP MODE TO THE LOWER) | . 

NEXT 0 OUTPUT VARIABLES PERT.AIN TO DYNAMIC >T t> CBROUGMJS MACHINES, UTM NAMES GENERATED INTERNAL 

. FINAL 0 OUTPUT VARIABLES BELONG TO 'TAGS' (NOTE INTERNALLY-ADDED UPPER NAME OF PAIR). 

BRANCH POWER CONSUMPTION (POWER FLQyi IF A SOWiyCH) IS TREATED LIKE A tiRANCH VOLTAGE FOR THIS GROUP 


NEXT 
NEXT 
NEXT 
. FINAL 
BRANCH 


• S.A1 u wuirwi 9.KArn,W vv&WlO/p (rbOKAM'V FH«M THE UPPER C 

(EXT 0 OUTPUT VARIABLES PERT.AIN TO DYNAMIC >}fNCB^OUCMJS MACHINES, UTl 
!.NAL 0 OUTPUT VARIABLES BELONG TO 'TAGS' (NOTE INTERNALLY-ADDED UP» 
>’CH POWER CONSUMPTION (POWER FLOyi ir A S*2?CH} IS TREATED LIKE A HRA^ 


BRANCH ENERGY CONSUMPTION (ENERGY FLOW^ }f £ ff) f§ TREATED LIKE A BRANCH CURRENT FOR THIS GROUP 


VALUE 


. 0 0,000000 

ANOTHER INPUT < 

1 0,100E.QI 
AKOTIfSR IMPLY » 

2 o, 200001 

ANOTHER INPUT ( 

3 0.3005-01 
ANOTHER INPUT < 

4 0,40<>E*01< 
ANOTHER INPUT ( 

5 0,503E-01- 
ANOTHER INPUT < 

8 O.SOOE.Ol- 
ANOTHER INPUT < 

7 0,700001' 
ANOTHER INPUT < 

8 0,800001' 
ANOTHER INPUT < 

COMMENT CARO. 
FOURIER SERIES 
V* PLOT CARD. 


0,0000006*00 

CARO FOR TYPE 1-10 SOURCE*. 
0,34COOOE+Ol 

CARD FOR TYPE 1*10 SOURCES, 
0.S48S23O00 

CARD FOR TYPE 1-10 SOURCES., 
0,OCOOOOOOO * 

CARO FOR TYPE 1-10 SQURjCgg. 
-0.434.U4E.00 ' 

CARD.FOR TYPE 1-10 SOURCES. 
-£), 200000E+00 

CARD FUR TYPE i-10 SOURCE*j 
-U.94H528E.00 ' " 

CAHD FOR TYPE It 10 SOURCES. 
-0.400000E+00 

CARO FOR TYPE 1-10 SOURCE*, 
-0,156569E.01 ' 

CAKO FOR TYPt l-)q SOURCE*j 


STARTED, IjrOUR * 1ft 

0,100E.01 0.100E+01 b,8O0fctfl\ 




IMW* 


t-,649528 


1-1,36669 


345679901234567890)23454789013 
\ FOURIER ON 10 

) ), « t | value 


BEGIN FOURIER SERIES CALCULATION USING 
0,34000000005.01 O,94352820OQEtOg 


gftUIOlSTAHT POINTS, 
ENDING TWO POINTS a 


BEGINNING TWO POINTS n 
a Q« 4DOOOOOOOOE.OO -0,1965690 


COEFFICIENTS. OF RESULTANT FOURIER SERIES, WITH ^COMPLEX AMPLITUDE" BEING THE SQUARE ROOT 

Or THE SUM OF THE SQUARES OF THE TWQ PRECEDING ENTRIES, THE FINAL COLUMN APPLIES TO THIS AMPLITUDE 


HARMONIC 

NUMBER 

0 

1 

2 

3 


COSINE 
COEFFICIENT 
0,9999952300E-01 
0,99999907546.00 
0,90000000006*00 
0,80000092J6E.Q0 
0,6000004750.£*00 


SINE 
COEFFICIENT 
O.OOOOOOOOOOE.QO 
0,6000008972000 
0,5000010560000. 
0.4000008977000 
O.OOOOOOOOOOEtOO 


complex 

AMPLITUDE 
0*2999952500001 
ft,11 &h 190047001 
0,10?-956352 »E+01 
0.89.44 2841 tHE+OO 
0,^50.00.004 7 50E.00 


FRACTION OF 
FUNDAMENTAL 
0,08574991 
1,00000000 
0,88364359 
0* 76698626 
0,51449631 


BLANK CARD TERMINATING PLOT SfEC, CAROS, 


1BLANK CARO ENDING PLOT CAROS, 






FOURIER ANALYSIS PROGRAM 


‘UK 


Ref ; Mathematical Methods for Digital Computers, edited by A. Ralston ft 
H. S. Wilf, John Wiley ft Sons, New York I960. Paper by G. Goertael* 
Fourier Analysis, page 258-262 

I i 

Given a periodic function f(x)s L // ^ N \ X' 


j V j . ] 

Ibis periodic function can be expressed as a series of trigonometric functions ,. 

•frUV a t cgsU*") + •. 0) 


with a Q * dc offset, 

\rr~~y _ 


a* ♦ b* * amplitude of ftmdamental frequency, and 


_ t • . 

2 2 ♦ * 

f b jL » amplitude of i-th harmonic- 


How to Use the Program 

Define the curve within one period by n points at equal distances along 

i frfcwc* r ! 

. „» c I * !t»i ^ VtV. viiW 

, \ * 3 • . | J bV: 't V 1 • 

"_ v ,7 <* 1 _- 

v> ; ; j 

| 

The program will compute the values a Q , •••' (cosine-coefficleuts} and b Q , ... 
b^ (sine-coefficients) of Eq. (l), as well as the magnitudes ^,..*0^, with- 

• C. *» V a? + b 2 ' (2) 

1 1 1 


If n is even, then 


if n is odd, then 


2 * • 

n-1 
. 2 


• (3b) 


The resulting finite series 


a-*eoa(ix) + ^-Bin(ix) (4) 

i*so l-*o 


passes through the n given points ("exactly," except for round-off errors) and 
provides a smooth interpolation between points with the leant possible number 


of harmonics. 



for 


sample usage just displayed is based on Hermann's 8-point 
illustration in the documentation which follows. A user-defined 
Type-1 EMTP source was employed to establish the eight desired data 
points as node voltages for node VALUE . Due to the EMTP field width 
of eight# precision is slightly reduced, note. 

The user is reminded of the importance of defining exactly one 
cycle of the periodic wave, with no overlap. Because of the floating* 
point counting of the EMTP (T m T + DELTAT), this can be tricky, and 
even installation-dependent* The first two points and the last two 
points are printed out as confirr«ation, so that the user Knows that 
his window is exactly right. In this regard, all plot points for 
T #LT, HMIN or T .GT, HSUX are rejected. If the user is having 
trouble with one or Both end points, he may want to add or subtract 
half a time step when he defines HMIN and HMAX? and it this 
reguires more field width, than the regular format allows, remember 
the extended (16-column) precision option of Point 5 plot data. 

The user is also warned that no interpolation on the EMTP plot 
file points is performed. Hence it is important that time-step size 
DELTAT (as defined on the floating-point miscellaneous data card) 
be an exact multiple of the period. For 50 Hz problems, this will 
usually oe the case, but not so for we North American users of 60 Hz 
systems. Remember, if DELTAT « 1..E-4 sec, then there are exactly 

•166*666666,.., steps in a cycle, which implies some error in the 
Fourier transformation. Better to choose DELTAT so that the number 
of steps per cycle is an integer. For 60 Hz systems, carry quite 
a bit of precision, preferably using free-format capability for the 
floating-point miscellaneous data card. Put several extra commas at 
the end of the nonzero data, so ensure proper bounding. 

One final point regarding the FORTRAN, which is module "SERIES” 
of overlay 31. An interactive debugger can stop at S.N. 3209 and 
examine and or adjust various variables, CEVDOUB(J), J=1, KPL) is 
the data being transformed, and IPRSUP ,G£, 3 will print it all. 



Point 17 : Card to turn off Fourier. Analysis, and return to plotting. 


If the user wants to return to conventional 
EMTP plotting after the use of Point 16 
Fourier transformation, this is possible. The 
switch back to the normal plotting mode is made 
Via the "FOURIER OFF" request as shown at the 
right. 



sssssxssssssmssasasxsssmasassBasssssassssssssBSsasxsBsssassssaz 

BACKGROUND AND DOCUMENTATION OF EMTP FOURIER SERIES COMPUTATION 

aacsas3asaasaa3:asas3ss:assss:sasssasssasssass:&sss:assassass3s3s 

The Point 16 and Point 1? features were implemented very 
hurriedly by wsm on September 29th and 30th, 1980, just as this manual 
was going to press. It was a rush job., in response to Bob Haslbar's 
immediate need, Hermann had written a little self-contained Fourier 
analysis program many years ago, and it is his coding which formed the 
basis of the new EMTP feature. The first three pages of Hermann's 
five-page writeup dated 30 October 1972 are reproduced below as added 
documentation of the formulas used; 





Vorm of feta Deck 


AH 


t'/6 ' 




Any number of curves can be analyzed consecutively. Bach curve is specified *tth j %J £ 

-o o 


one card defining 


n 


as many cards as necessary defining 4 , fj* ^<5 

f 


t v 


12 


Terminate the data deck irfith^a blank card, 


Format 13 V ^ 


•****' 

forwot 6P12* 1 1 ^ 


(0 1 


Teat Examples 

Example A : The function 

^ tx'l «• 0.1 <• ccr>x 4 0.<\+ 0) %cc^k fecetlf* + 0 t vw» *0 ^wO.* '0 
was used to generate 8, 9 and 20 values at equidistant points lo define one 

period of the periodic function. Theoe pointa were used as input to generate 

the coefficients, which agreed with those of the original function as shown on 

■ » 
p. 3* 


Example 3 : The curve was taken from a study described in E. J. Dolan, D. A. Gillies, 

■ and E. W. Kimbark, "Perroresonance in a Transformer Switched with an HIV Line,” 

. 

IEEE Trans, on Power Apparatus and Systems, Vol. PAS-91♦ May/June 1972, pp. 1273-1280. 
The curve as well as the results are shown on p. 4-5. 


■ ; , T(I ^x.txw.p\e A.. 

FOURIER ANALYSIS ■ ■ - -----:-r 


RECORD 0* ORDINATES IN 
3.3999199 .8455282 

- 3999999 -U5655856 

FOURIER lOEFFICIENTS 


\A .VA3. 

\o r&pT. • 


-0 


“jessis" 




■-W 


4* *••** * 


harmonic 
0 

1 

2 

3 

4 


C0S-C0EFF. 
. I 05*80 
}.049180 
.902500 
.630800 
9000 


SI M- 30£FF »■ 
0.0 8 0 3 0 0 
.430190 
. 5 0 3 3-9 0 
:*3a*flo 


ti 


t i 



HASNirUOE 
. 10.0 0 33 
1 . J 90 
1.029563 
« 5 94427 
,600000 


' t 

.4: 

i 

i 

... - 

i 

"1 


> 


-1 


I- -4 


! I 


V, 


A .: i -. 4.-4 

CjaV>YM. t \yaJ~-{- 

^vv\j>_Ashyvi A taLY^V*JU-j 

QCUA. W 

i C Ov v*V\-VA. j 

; W! 


f- ~.i 


— u. 


K 


■\t 


A x 
















u A • • * * » .. 

; FOURTH 


“131*1 


RE TS 4 ;«$ 0 , 7 &&. •’ *«&» -*••■*•«* 

1*1294229 '.MlfM *I*%I?59II6 .. • 


FOURIER COEFFICIENTS 
• HARMONIC COS*COEFF* 
0 .1000*0 

, ; 1.000900 

2 . .900000 

3 .800000 

| 4 .000090 

* * * ' ' * 4 , 
FOURm AMAtYSIS 


sEuooeff* 

0**»000O 

*590890 

•$00900 

.498000 

•0009C0 

• I : 


HA3Hini5? 

.100090 
t.*60*90 
t.079963 
•8l462r 
1.000009 

I » + 




r r r 


i 


RECORD O e ORDINATES IN 20 
3.3999999 3.9905690 

.6979639 . 11325*5 

-.4566355 - 1 . 094*024 

- 1.2243422 .6710544 


EQUIHSt ANT POINTS 
2.*333907 -.2222603 

-.0917609 953408 * 

-.9059809 -.3999999 


t 


-.9123*45 
*. 200000* 
-.6694607 


OEFFtaiEMTS 

COS-COEFF 

.100000 


FOURIER 

HARMONIC 

0 

« 

2 

. 3 

6 

5 

6 
7 
0 
¥ 

M 


1.000000 

*900000 

.000000 

.600800 

•000900 

.009000 

•000009 

.000000 

.000000 

•000000 


SI9-:0IFF. 

0.900000 

. 590900 , 

•$00090 
.490000 ' 
•800000 
•080000 
.Of09 00 
-.080000 
-.900008 
-.600000 
0.090800 

-5- 


rtA5Ntl*IO£ 

,tooooo 

f.*66190 
I.079563 , 
.894427 
I.000000 
.000000 
•090300 
.000300 
. 000000 
.080000 
.000000 


-,OS00 f »‘(H 
. I 3™M6 
-! .450902* 


I 

i' 


t 



Point 1 8 : Card to mark termination o f all plot g*rd£. 

A blank card is used to signal the end of all data ‘‘nrdn nr.ioetat** 
plotting. This then also completes the data for tnc data e.v>* bM*u*. '*e- 
(see Section 1. ). 
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Thi# choptar 1. doolgnod to aid f \“£j^ Urpr ‘ U "* ^ Prl " t ' d 
plotted) output produced by the Transient# Program. 


2.1 InTTV*- Data Lietlnfc 

So u to eompl.taly document oil datn, », Hating of oil input cord. io. 
provided M pert of the printed output • ■ . * £ ’ • 

1. AU 80 columns are printed, character t by character,' ^ columns 

52 through 131 of tha pajfcr’o , 

2. lie character "1" is printed in column 5* of the line, to mark 
: the beginning of the card image# 

>• rs-irs & is£rssnii’^ss" 

what la printed out for different types of data carde. 

•••• * *„*„„«.» nine of orinting for oach data card read; 

• , **: ?oTpfil-^ “.E5 Jo allowed, for aoo^tio reaeono. 

3.. th. Mb program output of Section 2.3 for an illuatratlon of th.ee rule,. 

Tot all data from the.case ««*«! “*pSr U.ted^fleuoueU’ — 
^.ch'i^hi'Jri^“r“nt UgHf InLreet, covering th. network 

deecription. 1 

The Interpretation accompanying each dif ferent type of input card can 
be decoded u#ing the following explanations. 
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© Comment Card (Section 1.) 



© Cards to Benin a Hew Data Cfeae (Section, 1.0^1 

Wret there are the two different canis which arc with 
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fimt 1 for 0 "BEGIN he* am «3E» r tome tne W off. 
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S ctlon 1*0e shows how the user can redefine built-in prograai 

p rameters "INPIN" # "SZPLT" , "HSMTH" f “BIS UK* * "KPAHTB" f and "5TAtP« H , 
Interpretation for these special request records tst aa fellows* 





Section I.Od explains usage of the "REFLOT" feature, the leading request 
card for which is Interpreted as follows t 
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Section i.oe explains how inilioilatian-dependent module "MXOOVt" of 
overlay number one can be ciildd on demand by the user* Interpreters! 
of the special request record reading "FILE request" is as followst 



Section l.Oei .explains how six-character alphanumeric identification 
of the user een be specified, principally for purposes of EMTP plot 
identification. Interpretation of the special request record reeding 
"USER IDEHTIFICATIQN" is OS follow*I 



'S ctlon 1.0e2 explains how to disable the execution of an SMTP data 
case.(one of several to be solved}. interpretation of the special 
requ st record reading "Abort data case" is as follows j 



Section l.Oel explains how to print a range of SMTP error messages 
(KILL codes, beginning with KILLl and continuing through KILLS), 
interpretation of the special request record reading "KILL CODES* 1st 



Section i.oea explain* how the EMTP output vectors can be averaged 
over succeselve time steps*. Interpretation of the special request 
record reading "AVERAGE GUTP'UT* is as follows! 
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faction i',0e5< ;p*piain# hpw the total tacs wprx^oo;iibce of ‘ii^st i® 
can/be ailotlllf;;among the IS different TAc'st*abi«i&:* First, there 
is ’Interpretation jor'jtjfp "absolute tacs diMENSiOHS" cards t 
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Second, there is interpretation for the three data cards associated 
with the special request record "RELATIVE TACS dimensions" j 



Section i.0e6 explains how the results of two or more "STATISTICS" 
solutions can be combined for purposes of overvoltage tabulation. 
First, there is interpretation for the special request record which 
reads "TABULATE ENERGIZATION RESULTS" i 
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Next'..f.ome!s interpretation for the one or more data cards which give 



V* . 


Section. A,.Oe7 explains how a "STATISTICS" simulation can be saved 
for later statistical tabulation, possibly,in combination with other 
»ucH partial solutions. Interpretation•of the special reouest 
•record reading "STATISTICS OUTPUT salvage" is as follows: 
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Section i«0e8 ' explain* how the usier can omit running the base case 
solution o i a • "STATISTICS** or "SYSTEMATIC** data case* The 
special request record "OMIT BASE CASE" is interpreted as follows,* 



Section i»0e9 explains how the user can have the familiar floating¬ 
point and integer miscellaneous data cards'(see Section l.Oh) read. 
.Interpretation of the miscellaneous, data cards themselves, as well 
a# any extensions, are as expected, sc shall not r>$ repeated here, 
it only remains for'us to illustrate interpetation of the special 
•request record reading "MISCELLANEOUS data CARDS" ; 



Section l.OeiO explains how the user can request a special reading of 
th familiar data card which provides for variation of the time-step 
loop printout frequency, (see Section l.ibj. Because the data card 
itself and its interpretation are unchanged, they shall not be repeated 
here. It only remains for us to illustrate interpretation of the 
special request record reading "Chance printout frequency*’ * 



Section Jt.Oeii explains how the user con manually define the time at 
which the search for extrema is to begin, interpretation of the special 
r quest record reading "BEGIN peak VALUE SEARCH" is as follows* 
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Section l,0ei2 explains how the user can define the table-savino 

* <1T A T T >L 'T T rf'VC ?! a *♦»*». v ^ 


time in .the-case of "STATISTIC.** data cases, 

"t::-;-. of dice: roll" 



Interpretation of 
is as follows; 
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Section explains now th# user c*sn request output of the oeai* 

«or tne entire newer* <p„* ever ill w ! ) PMIt 

special rawest record .peak VOMACE xtwires,* is Interpreted as. 



Section i»0eK explains how the total L’.M, 
x5 c<sr. hs allocated among the four different 
** n - rc - inter^r a cation of the "ABSOLUTS u.J* 


wording space of List 
u.x. tables. First, 
« OI-illNSlCNS N card: 


*—f—, , __ __ __ r * ' * ••'-. '•unwaurw '-Oi U i 

I ~i '* r i ^ ^ -I ~* • - c r ’ /W .5 T^v^7rt?*^rrr^^Tr. r^;rtr.T;:—,—,—,— .. 

n j ;"';~|-7-!~r-.--»■ • rafr-vAHg; gtejg;d 

i7'>."vp : •;- • •■■•'. .'••• ■ W» : .' • • .1 LTTTTI 

j. wj ft i 4 * <...; A <N\Wj W.. xi. a » j ... . ’■ •' ...'■ ;• ? 1 * j' 

.. . j 

is - i «, t «c V •• r I , J *•' * lJ ' *•» p»<l»ee>f,< 

•> * *«r.a-j f|.. r |. r f j.|J 
.—• -•—-t- 1 -; j f ;. -lj..I I i i 1 


An alternative is provided hv the *^(.<.1 

DIMENSIONS" , whiev ifi rZ request "RELATIVE U.M, 
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'“Itch closing time), « acn _ 
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n frdn s f> r control directly 

Section 1.0016 ot tne saeclal request record 

to tne time-step loop. in , , ; • ____ ; 

•TIME STE? LOOP" 1. as ««**• " »» ; ' . 




Section 1-.Oe 17 explains ho* the lon-dcpendent" s-ca?d 

us tne TACS. This ”?‘? 5 4i t Se a doe‘uiented here. But tne ^yspec.l 

tsowriw). »hich •»:$ S# wSoSm» PL ot hw . 15 lnterpre 

request record is rusir . 

as follows: . _ 



Section l.Of explains how 

to a single distributed line. Interpret 

is as follows s : ---r--,'- 
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Section I.Og shows how the user can request transfer to any of tne 
auxiliary* supporting programs which have been attached to the Transients 
Program proper. The different possible request records are interpreted as 
follows (for key words" "Xf’OflKSR’ 1 , "SATCjBATION 11 , ■'A.iIuHTIhG 11 , LINE CONSTANTS" 

"SP&IYSN SETUP" , "AMETAKI SET'TP 1 ' , and "CARLE CONSTANTS" ) : 
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Section I.Ggl explains that the intended control of: Type 1-10 1KTP sources 
from PORTHAK subroutine "ANA1YT" must be declared early # by means of a card 
bearing the key word "ANALYTIC SOURCES" . /Interpretation of this special- 
request record is as follows: 

j <s 4 4 -oj^; «■»/*. d a id- 1 x- d dj ?sj dg!da;4 aitt Si hi it £ XX 4 Q '£ 4 ' *5 1 •«' 11 

REQUEST FOR u’seToR..ASHAItTIC' TlrP'Or'l 0 SOURCES.!''"!'. 'll 

•:. •.; . •. .;...a.;:,. > > ■ :i| l: 


Section 1*0^2 explains that ’Typo 1-10 EKTP sources can b« eoftti'ollod- by; TAGS' 
variables which art declared on a. 1# TAC3 13&TP S0U’RC2C W *’ card *, ‘ Interpretation of 

this special-requesj record is- ac follows: 


u~k "O. *v,. ’it, 
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I *—» <vt Wt f W,i \U > ot rw{ !T>. Wf- uTJ hv. »V/ r->- fH '*1 ^ 

Vacs names cloNfRciuiwG.!!TTFE..i/td £H1?!.!sobRCESi! T/3! 


Section 1 ,Cg3 explains that the K-ITP will automatically loop over steady-state 
solutions of different frequencies, in response to a "PRfoiUENCJf SCAN" card, 
interpretation of this special-request record i3 as follows: 
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*«•«»» »* * the k<y "*• 
raPAfiS" • Interpretation ia aa larvae. 
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Section 1.0*5 wtato. tot SS.’t.to'S. muir*l 

the user at anjr point during an 0*t* reeori which bear* 

to «ueh « ^«in«tlon. Th. fito 1» . ..tor of 

jisss^i-rtsi “ nas^ffts..» ——— 

it aa follows t 
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lootlon 1.0*6 wxploln. IhwtfTP gentle 
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^tACWOSSIC" * Interpretation of this apecial-mues* recurw 
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The floating-point and Inttg r miscellaneous data carta of Section I.Oh 
era int rpreted aa follow*} 



f ■ 3hls class of data consists of carts which are only present In a data 
case If certain miscellaneous data parameters of Section, &*Qh take on 
special* characteristic values* ■' 


Fbr a "STATISTICS" or "SYSTWjiTIC" data case* "NEMSBO" is 
punched nonrero (with absolute value equal to the number of energisations)* and 
an Textra statistical-overvoltage miscellaneous data cart Is appended* as per 
Section 1.1a . ' Interpretation of this record la as follows j 



•-rtV * * : 1 tw »*’ 


~ * ' ‘ ■» ffljr # rH>| • 

U the user wants to vary the printout fluency durlng h t:ho t4 eo^ly^Lpft*^ „ S'lHJN" 
la punched as *1. * and the special printout-froqueney-cnange card of ■’ 
Section l.th is appended* Interpretation of this record is as followst 
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3 a) TAGS Data 

—^ . i .yuntra TAGS mCdaHhC (eee Section ®* )»^ 

If a data casa i« to lnrolro ta w ' e*t«aaion (if any) to 

carta precode the fl**t branch cart (and ton** the 

the ttlftcellc^^^ 9 data cart®/# | * 


IiIU , „ r „ T a ««d wttn th. tar»rt >*ms W*»» 
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Interpretation ie a* follows* 
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la Interpreted ee follower 
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It the block name* ae read fro* columns >*o * . 

read from columne 51 - 56 * f ^ 

b,, . <*><*<* » 1 l «.w»t* 

ti»n*f«r function follow*iiflcientn. Theee two interpretations follow) 
precede the denominator coefficients. 
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Next come TAGS sign*! source esrda of Section 8.5*4 « laterprststioa 
ia aa foilww, "he** "A M , °B" , and "C" ax* wad f*» ccluwn* 11-40 
using 5E10.0 format: 



Next cosa TACS supplemental vjsysiahliR. 4 T^pse. types can now be defined: 


"VARIABLE" : old fixed-form^ sjtpfcession 

"FORTRAN EXPRESSION" : new free-fo'roat logical/algebraic FORTRAN expression 
"DEVICE TIPS SB" :a TAGS device type- 50, 5\ 52, etc... 

Each of tho above way also belong to one of the three groups of supplemental 
variables: "inside", "input" and "output"' * 

The interpretation is then as follows: 


I -'hi H ■*h! a, i»! si nd 321 d s 
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Certain TACS supplemental device cards iaay be. immediately followed by an 
Indeterminate number of associated data onrdu, fw«*n of wh t cr, b**aro one or two 
floating-point number©. Rxataplee are the lyin.—S^i digitizer, trie* 2ype-5d 
point-by-point nonlinearity, and the Type-7? ticits-oequencixl switch, The end 
Of such cards Is marked by a "9999" card (punched in columns 13- 16 ) • 
Interpretations are as follows: 
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S art come the cards (or single card) which request TAGS output variables, 
to b used for printing and/or plotting. For selectively-specified outputs, 
Interpretation is: 



She output of all TACS variables can be requested by a single card with a 
”1 rt —punch in column 2. Interpretation is then as follows: 



Finally come initial condition specification cards, if any*. Interpretation 
is as follows: t 



Z) 11 CASCADED PI" Steady-State Component (Section 1.22) 


Data input for a "branch" which is to be defined using the "CASCADED PI" 
feature of Section 1.22 begins with the header card (Claes 1 input;, which 
is interpreted as follows: ' _ , , , , 


|ck$;c!ik J tC£Q^l. KKage.r.caro 
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... F RE-QCS .3. 


Class 2 data defines the terminal node names at the sending and the receiving 
ends, as well aa matrices \,i?l , ♦ Qriri t^.4 * ar f, * ie sending-end 

line section. Interpretation for these data card3 is idmucal to that,used 
for the conventional Pi-circuit component of Section 1.23* For convenience, 
'this interpretation explanation is reproduced immediately below: 
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Here a distinction is made between the card for the first conductor of a 
^-equivalent ar.i possible succeeding cards; The first card has the following 
interpretation: - 
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The first card of succeeding conductors of a rnulti-p ha so Pi-equiv'almt bear 
no descriptive text, with only,$he first 5 numbers of the card being printed out. 
Assuming conductor k. 
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The fourth and 
parameters 2br 
3 or 5 of the 

J—*. u <i t? 


later conductors of course require continuation cards, since 
row k can not be punched an q single pgrd. *Fc>p c-uch cards, 
punched numbers ape printed; 

card has one triplet of numbers (K. _ , I„, „ , if. _): 
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If the card has two triplets, for columns 
If the card has 3 triplets, fop columns 


m and rr.fl ; or 
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Claes 3 or Class 4 data ia for the- -position (tiTumpaoition) card, 
which is interpreted as follows.; 
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Actually, if the line in question consists of more than 14 conductors, 
one or more ’’continuation" cards is needed for the input of . KAPCAo(l) wuich 
was begun on the just-interpreted card. Each such extra card { equal to 

14 for the first; "K" equal to 28 for the second; etc.) would be 
interpreted as follows, if it existed; 



Class 5 data is for the input of series Ikh-sO branches, mh- card of which 
bears th'e following!: interpretation; 
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Class 6 data is for the input of shunt fl-L-C brunches, each card of which 
bears the following interpretation; 
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Class 7 data is interpreted identically to Class 2 data. 


Class Q data consists of the single "STOP CAJCADK" record, which is 
interpreted ne follows: 
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® gl-equlvalBflf, (Section 1.23) 
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Here a distinction is made between the card for the first eondur'trtr *r « 
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if the card has two triplet*, for columns ;h and rr'l > or 
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The preceding description assumes that the older^ narro 
«« b«?n 9 u»«d CSVXKAOE. 0). « instead tA. »««• » < 

format is being used ( SVINTAGE , 4), then any one data card onlv 
bears one triolet oSTnumbers R(K»m)> LCX,m)/ and ccic,m) « 

The’ first data card is. interpreted no diff ItIckt "ii* 
the narrow formats (see top of section, lot OF PI -KT* ) 
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But the second and later cards (if any; if two or more phases) 
use a unique format, interpretation of the data card which 
begins a new row K of the matrix (for K=2, 3, .».) is as 
follows; 
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p.s (Section 1.2k) 


A distinction is made between the card for the first conductor of a • coupled 
R-L group,, "and all succeeding cards. For the first-conductor card: 
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Should the user lnp«t zero and positive sequence values rather than the 
norrnSj - values, then interpretation or the 3 cards is as follows: 

** »“i.r3t card (with zero sequence values): 
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he third card gives the thi*4 fmt of the matrix as if the input 
had been made in phase Quantities* it gives the jphase equivalent 
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a , t . #i „ th ^-circuits of Section 1,23, it is poaulbl* to employ 
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Component (Section 1*?5) 


the first card of a single-phase saturable transformer component bears 
the special request word '’TRA NSFORMER" , which is Interpreted as foU °”** 
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Actually, this interpretation assumes that the reference component feature has 
not been used to define this unit (i.e., field "HJS3" of cole. 15-20 are 
blank). If the reference component feature is, being used, interpretation 

then consists of only the following! . 
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Assuming no use of the reference component feature, the "TRANSKJRMER" Request 
card is followed by current-flux breakpoints (if ^J ’Wbich define *he , ; 
magnetisation characteristic, Interpretation of all such records, if 


is as follows! 
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With no reference component usage, the preceding data class (whether present 
or absent) is terminated, by a 9999- card, which is interpreted aa follows! 
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Next come the transformer winding cards,, which are Interpreted aS follows 
assuming no usage of. the reference—component capability! 
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liUlil♦ Oont lmion oly^Trttnoponod (Scot, 1,26 ) 
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Should the first card (ssaro-sequenc parameters) of a distributed-parameter 
transmission line carry a req’:-.*rt for frequency-dependent representation ( a ’’-l” 
punched in columns 53-54, field IPUNCH )» the added data outlined in Section 
1 26b must follow. 


First, the miscellaneous data card bears the following interpretation's 
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Then each card defining one or more points of the far-end (forward) weighting 
function a^(t) bears the identification 
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Finally, each card defining one or more points of the neax*~cnd (backward) 
weighting function ‘^(t) is interpreted as: . 
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Here the field AREA (cols. 38-49) only applies to the last card defining J* 2 (t) » 
where the total area under the weighting functions, AREA * J^»j(t)dt + a,,(t)dt 
ia printed out. For valid weighting functions, this should be near unity (like 1.005). 


An exception to this complete display occurs if variable. LIST 
(columns 57-64 of the frequency-dependence miscellaneous data card) 
is punched equal to unity rather than aero. Then none of the Ai(t) 
data cards is displayed or interpreted, end only the final two 
A2Ct) cards are shown* The interpretation of these final two data 
cards is exactly as they would appear if LIST were zero* 

© Recursive Convolution Frequency D epend ence (Section 1*27) 

A frequency-dependent untransposed-transmission line uses data 
cards as documented in Section i.27 , Typically these will be 
generated by the SMTP itself, using either the "SEKLYEN SETUP" 
feature of section 7.5 , or the "HAUER SETUP" feature of Section 
7*8 * Interpretation begins with the branch card ot Rule i f 
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Immediately after such a branch (mode) card,comes the steady-state 
card of modal impedances, tc be used during the phasor solution for 
initial conditions, . Interpretation is as follows? 




After the last data card of propagation exponentials for the mode, 
nave one or more si|ch cards for the admittance exponentials. 
Just as with the propagation exponentials, there are typically two, 
per ca'rc, Interpretation is comparable, too; 



So much for the two components of Rule 3 data. Such data (Rules 
:-;-l i-'t-f' and 3) are cyclically repeated for each o ranch tmo.de) of the 
: "mul^i“onase. transmission, circuit Csee Rule 4), After ;he' last such 
mode,, 'we have data cards which specify tne voltage transformation 
. matrix' CTv) of Rule 5, .‘This is inputted by rows, from left to 
right within a. row, with 3' matrix -elements on any one data card. 
Fo.r one of the- data cards of row K of the matrix, interpretation 








Section 1.38 describes the various data cards Which are associated with the 
Trpe~94 aodexn-atgrle silicon-carbide surge arrester component (with current 
limiting gap). These begin with a branch card, which ie interpreted as follows 
(assurairtg no reference-branch usage)? 
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Then come six' cards bearing floating-point parameters of the arrester —--three 
numbers on each of the first five cards, and two on the final one. These cards 
are interpreted in the following ways 
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pfere tt I>” and "SI” are beginning and ending indices for the FORTRAN EMTP 
storage of the constants on the card. For the six cards, these ind ices should 

read as follows} fcarf # 1 T j 2 \ . T | 4 j 5 j 6 f 


If the reference-branch procedure were used (fields *'B0S3" ®^ d 
columns 15-26 not both blank), then only one card would be involved, ana tnis 

would be interpreted as per Point 11*' 


l iCbY Multi-Phase 2h0■ surge arresters 

Section i .32 describes the various data * r * rester 

associated with multi-phase, compensation-based, 2n0 surge arrester 

modeling. These begin with the definition 

elements which have dummy characteristics,- wd ?epaated 

of such data cards is covered elsewhere, it shall no b 

here • 

But all new are the data cards which, precede the specification 
of network node voltage outputs. This is «h«e the d by 

characteristic and associated iteration constants are provided by 

the user, ' 

*' First, there is the single-exponential case, with no .gap, as 

requested by phase number iPHASE * ipa •bearing a »lnu* is .. 

Then only one data card is required for each arrester,, and it is. 

interpreted, as follows? v-Y..••■.X 
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Finally# we have the current transformation matrix £Ti) , as 

described in Rule 6 , Format is the same as for CTv) » For 

one of the cards of row K ,. data card interpretation is: 



It should be mentioned that a corresponding input for the 
branch cards Of "AMETANI SETUP" 'Csce section 7.6) also exists, 
though as of the summer of 1980 it has not been debugged. Bob 
Eifrig coded the exponential CSemlyen) and piecewise-linear CAmetani) 
recursive convolution codes together during the summer of 1978. 

. This was the new code, with an•indeterminate number of exponentials, 

• and an indeterminate number of linear segments. ‘But we were pressed 
' for time, and simply could not .pursue both. In cooperation with 

Ontario Hydro, we chose to pursue the exponential (Semiyen) modeling. 
The Ametani modeling remains untested, so is not recommended for the 
general public, indeed, because Bob Eifrig had to alter data formats 
as part of the generalization;, the data cards punched by "AMETANI 
SETUP" no longer are accepted by the new code. More work is needed, 
then. Any volunteers? 















On the other hand, if the »ulti*exponentUI hodei with a gap 
It chosen# as indicated by a positive phase number IPHA5E » IPH # 
then several data cards are required for each arrester* The data 
card* for each segment of the characteristic are interpreted 
Similarly to those for the $lngle*exponential case* 



Recall that there is an indeterminate number of these (temporarily 
fixed in number at two# as of August# 1990)# terminated by a 
9999-card* This termination card bears the interpretation* 



The characteristic before flashover appears first# followed by 
the characteristic after fiashover* When both are complete (after 
the second 9999*eard), there follows the card bearing hated 
voltage. Interpretation Is as follows* 



So much for the data cards which apply to individual ZnQ 
surge arresters* After the last of these# there is a single data 
card which controls the Newton iteration# interpretation is as 
follows* 
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[Toc\ Branch ei'eWe’rit types 97$ *9 3 and 96-99. 


For purpose# trt documenting the interpretation# it is 
convenient to lump together ail remaining nonlinear and pseudo* 
nonlinear elements. These 1 Ifctfvw type codes 91, 92, 93# 96# 97# 

97, and 9 ,, as described in Section* 1.29 Onward* 

Definition 1 of each of these demwmits begins with a first data 
Card which specifies the terminal node names# among otnor things. 
Assuming no usage of .the reference branch procedure, interpretations 
are as follows: 
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(Section ^.?9) 
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^-varying ‘R .t type 97 [ (Section I. 30 ) 
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^ (Section 1.37) 
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Following this lead card are the cards de:^^o^SS^the pairs 
piecewise-linear curve in question. Js ^ n ? ' ‘ t tion f or a u element types 

of points that are being inputted, the interpretation for ail 

then takes the form: _ ' -r' 7l 
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Finally, the preceding breakpoints-are terminated by the 
interpreted as follows 


9999-card, 
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When the reference-branch concept is used, fields BUS3 and BUS4 (columns 
15-26 of data card) carry the node names of the preceding branch which is being 
referred to. The first card of a coupled group using this capability bears 
the following interpretation: .. »; 
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All later branches of the coupled group (if any) bear the following abbreviated 
interpretation 



12} .Switches and Switched Elements (Section 1.4) 

The "ordinary” switches of Section 1.40 are HMTP switch components which 
have no linear resistance or inductance element associated with them, and which 
are not valves, diodes, or TACS-controlled. Generally these switches are of 
.type-code zero (as punched in columns 1-2), although.type-code *76* is also 
possible for a Class 3a switch. Ordinary switches come in five classes, 
with the first four interpreted as per the following format: 
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following interpretation! 
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p or diode or fA«-controlled valve operation, the type-,1 switch of 
S ction U43 i 3 used. , 6^5 - 70 * 

Parameter "OMD” is ^ ^°A6 tuli In colnmne 71-76 . 

Parameter *cvAmp” is rG&a ir 

: per diode or TACS-controlied valve operation, the type-12 switch of 

Section 1*44 is used* % - „ e - 70 • 

JSSS • 

1 per Simple TACS-controlled switch operation, the type-,3 switch of 

: , -*££ -- - - - - * w-—” - 76 

Interpretation is as follows: 
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Sources (Section 1.6) 


Source cards are interpretated as follows, for sources Type U15 t 
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For type-1 ■$ DC-sinuiator sources, the first card is interpreted^: 
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The second and-final card 
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The Type-17 5KTP source component provides for representation of a zinc- 

oxide surge arrester that has constraint equation i * A * ( v/v ) C 
Interpretation is as follows: re£ 
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* 1-10 sources have the functions f (t,) rend in off cards in point—by~ 

poin^tash.i.on, &*> transient solution progresses* Assuniing what the user 13 
printing out solution, results , the input* card images may bo periodically separatee 
by such printeo output* In any case, the interpretation of the source cards of 
type 1-10 is as follows: 

Lidli ’1iH^g>j?e'r?aia^sias!gcrf aal W 8iaiilaaa4« ^al»i«! »5g5!5a5!5igaBg 

Another ikpot .CMi #oft...TV«E..4^to,5oofttei.Uc. a,.... ....J; 

■ i ■' ■■■. ■ -.....!.... 

If all such source definitions are tc terminate 
before the last time step of the SMTP simulation, 
then a bounding record with ”9999" purer, eti tr. 
columns 5-8 is to be used* This last card ; 
then bears the added column 45-48 interpretation 
as shown at the right. 
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gyriamic Synchronoua Machines (Section U62 ) 
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is as follows? " hiCh beare the k «y »°** 'PARAMETER PITTING 
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nw remaining card* of Claw 3 *•*» *J* ^^(ttfhTmachLe tea tgpa.code 
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are interpreted as follows? — 


iCCCSBCBCSEt 


lECSBCESSBl 




eittS.M.C'ARO 




ICBCBSI 




7TH. S.M CARD ’ F1 °* 4 



















450-44 


Cinq* A SUM* dat# btonainta of mane enrda, one tot each m»*o of tho abaft, 
ayntpm of th« rotor. Int»rj>r*t*tilon of each ouch car'd io an foilowui 


r>j *&j ~ 

rsil m 

l.wu.1 

yf. VI 

-rj h *> 



si 

Jt ff KSIS «f3U 8 x 

Xi 

a 

Ili33 

wr 

3 

ssImI 

J |) . j'jTf i 

' IhASSjCARO 

H 

ru 

H 

: ."l. 

• 1 1 

- xt t 




1 t 

it 

E 

} ■ 

Tt 

a- 




a. 

,i 

■fct 

•; i f 

E 

* < 

y... 

a 

i» * 

J 

a 

ill 


# 

. j 

"t* 

51 

t/» 

0 

a 

m B 

'■& 

§# 

r 

>■ 

i 


n 

it 

T' 

-ii 

t 

■Si 

i i 

■ i • 

I 

i 1 


- 

i- 

. i.„ 
i 
i 

i'.- 

ti-a 

rl 

i i 

-! 

•t 

! 

”t" 

V. j 


,. * t 





li«r* the "MASS //" in the number of th«v a«vu» (variable ”Ml« H ) an read from 
oolttmna 1-2 Of tho card. The "O^KD //'* in' eimply a counter which is equal 
to unity for this firat w\MJh l&ana pqrd. equal to. two for the eeoond, etc. • 


OliUXa % JJ.M* data oonoiwtn of a single output-variable npeoifioatton card, 
if the compact (original 13CK; fitnglo-onnl-nLwnyu) format in u«ed. in title 
, Cp«o, Interpretation In np follownt 
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lHit if the alternate expanded format la uaed for 03 a an S U.M, data, them 
the fJrnfc (of poanibly more than one) rarrl la interpreted nri fo.Uowj.it 
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daes 6 S.M data consists of $*i indeterminate number of cards, which 

£.«« ribe „ a ? 3r inte f f «° e ^ on ^ ftC ' 6ions V»hidh are to exist between the machine and 
TACS. Columns 1-2 of such cards are punched, with an integer "XK" . and 
•’BOS” (the name of a TACS variable) ie A6 ir^forpiation of columns 3-8 . 

Fbr U KK” equal to 71 , the exciter ^fthection ia specified, with 

interpretation as follows: 

rr3^ ^ ^ ^ ^ ^ g;: 

! TACS CONTROIUE ©..EKCttAtiOHai..;.. J.. S§.i.: !L*.4 ■JiJ- 

8ui 


I .1 -: i : : i: 1 1.; * 

Bor "KK" equal to 72 t the prime mover connection is being specified, with 
interpretation as follows: 
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- i -\ 1 i -1 i t.- s zl h a ^[JSi c«l «**! <"<j oj gjj ^1 r< » r *i **»■ a *, gi H d rm hi * • z , *\ zi 

..-. . !..!j .. • A> .}-1. 

.- I.f "TACS CONTROUUEQ MECHANICAL. TOPQUE.1 T r ...«{.. .1. 


80S .j- 


For all other "KK" values (73, 74, or unity through 3*UMASS), 3.X. variables 
axe to be passed from the machine to TACS sources. ?or all such cases, there is 
a single uniform interpretation, which follows: 

n ~iT-4<s-<| '^l *>1^ -f r: id si rsi d ’E si si Cii r.i il sf sfeiffi gigTH Hj[& a d •*■ iL a £ StflaJL pi 


AOXlUiARt’ •S . M. INPUT TO 
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KK H BUS } 


For "XK" equal to zero and "FINISH" punched In coluur.no 3-8 , one has the 
bounding record which ends Class 6 data* Letting H JT" atan*; tor the total 
number of preceding Class 6 data cards* interpretation of this .:. inaJ counting 
record is then: 


*"1 *iH**! -! iily'-S "■ fcs!sisaslalhi[gj*risf sia! a; ^s;sig j jfc -i - -, 

' TERMINATOR Fof| ff j iTftCS IKTERPACE YMIMufcS. "; 1 X 















AS C*“ (o 



i 


^t3b) Universal Machine CU t MQ Model (Section 1.63) 

The U.M. data cards are announced as an E.VTP source of type 
19 (punched In columns i«2}. Nothing else is required on this lead 
card, whose interpretation snow* the number of ceiis of List 25 
storage which are actually being used by the U.M, tables* Recall 
that "ABSOLUTS -J.M, DIMENSIONS" of Section 1.0ei3 determines this* 



Next comes the data card bearing nothing by data flag 1NPU , which 
chooses between per unit and physical units tor the input data* 



Next comes tne "machine table", which will have a triplet of data 
cards for each U,M, component that is being used. The apparently 
inane reference-to "card split" in the interpretations below has an 
historical explanation only (grici.naUy Mian used a single READ 
statement which covered the three data cards; when calls to ClMAGE 
were’used, this had to be split into three separate READ statements). 
Symbols USD and JSQ are abbreviations for JSATO and JSATG, 
respectively. The three interpretations are as follows: 
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such triplets of machine-specifications continue until they art 
terminated by a blank card, which is interpreted as follows* 
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■ Then come the coil cards, one for each Coil of all U*M. components, 
in order. Using the abbreviation 10 * CURQUT for the output 
request flag, interpretation of the card for coil KK is as follows* 



The last such u.H, coil card is followed by a terminating blank 
card, which is interpreted as follows* This completes the U*M* data 
input, and control returns to "OVERS" source input. 



Over-riding Initial Conditions (Section 1.7 ) 

Because the initial-condition capability of the EMTP is far . 
from complete, the explanation provided here shall likewise amount 
to little more than a documentation of those initial ..condition cards 
which are honor eel. 

First, there are the original three classes of initial condition 
input, as per the subdivisions under Point b) of Section 1.7. These 
are rvo&fc voltages» linear branches> and nonlinoar branches (iyp& code 
ID; » .2, 3,. and 4, respectively): . 

Cards for inputting node voltages come first (with "2" punched in columns 1—2, 
Meld ID ):, and are interpreted as follows. Only the first such card actually 
has. the third field (frequency f } actually printed. 
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3 3SS353ili l 


giEEEBEEEEEEB 



■m’^rw MM m* 


.LujE 























i L 5 

i '. 


i 




' 456 

\ * . • ' ‘ 

• For distributed-parameter branches, the program prints the following for the 2nd 

* and later conductors, if any; the first is interpreted aa a "LINEAR I." card 

documented immediately above. ... ............ 
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■ Finally, there is the interpretation of the cards for nonlinear and 
time-varying branches (ID of 4, punched in columns 1-2 of the card): 
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The Type-96 hysteretic inductor is an exception to this general 
’ rule for nonlinear elements in that there are two. additional cards 
' which follow the initial one just described. Call these cards 2 and 
3. Card 2 is punched with two integers and four floating point numbers, 
reading from left to right. The integers and first two floating point 
numbers appear in the interpretation of card 2: 



Card 3 is punched with, one integer and four floating point numbers; fch 
integer and first two floating-point numbers are part of the 
interpretation, which appears as follows: 
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So further explanation of this Type-96 hysteretic inductor shall be 
provided, since such initial conditions’should always be EMTP-punched •• 
. rather than U3er- punched , and under standing is not actually required. 

lh the case of EMfP-punchod terminal conditions which are re-usori ■ 
as EM TP initial conditions', there also is on extrai class of cards (in 
addition to- those listed above) , for switches*, . Thh.ro is orto such • • • 
card for each switch, with type code if) * 5 * ‘ Each such card..carries, 
two bus names (2A6. format, to identify switch)., throe integers <31*0, % 
four floating-point variables {SE13.6). . Interpretation only uses 
■ , first three integers'and the .first: jTidatiftg-po irtp variable: 


















i itpit. Specif ication Cards (Section 1»P) 


Solution node voltages which are to be printod or plotted as functions of^timo 
are defined on one or more cards as per section 1.8a, xt the Uo. -Q 
nodo voltage outputs by moans q£ ^ in cjo tynn j 

interpretation is: ._____ -r-r-rrrrr-rrr 
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difference (“branch voltage” for snort) outputs are being requested* interpretation 
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Node .voltage requests, ’’STATISTICS'* 
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Cards defining the graph subtitle text of Point r> are inter- t -d •« - 0 iw 
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A plot spe cification card of Point 3 is interpreted as follows: 
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Th* ext** "continuation card" of Point 4, for the input of 3 or 4 
branch-variable node-pair identifications (six or eignt node names), i 
interpreted as follows : j -arra mgra 

The extra "continuation card" of Point 5, for re-reading of the fire floating¬ 
point parameters of the plot-specification card doing 5E16.0 foroat, 
interpreted &8 follows * _ , , ( r .» > rr * 
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The card for Calcomp graph-size adjustment, bearing key wo^d HEIGHT 
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The card for tfclcomp graph-eeparatlon adjustment, with hoy »rd MAKOJK H> 
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The card for redefinition of the smoothing tolerance -* 

"SMOOTH" in columns 25-30 as per Point 8, is interpr. • _ 
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Batch-mode plotting can be done on either the line printer, or the Calcoeip 
pen-and-ink plotter, or both, for any given plot, the three request cards Of 
Joint 9 allow for changing this graph mode selection by use of the three 
key words "PRINTER PLOT" , "CALOOMP PLOT" , and "CAI.COM? PRINTER" , 
Interpretation for these three cards is as followss 
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Toero ftr" two possible cards for changing the status of the plotter print-head, 
employv:;; the key words "PRINT HFAD OFF" and "PRINT HTAD ON" . These are 
ao per ’.Point ’O t and are given the following interpretation.*: 
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With CalComp plotting, there i 3 a choic- of :>-vera.I different plotter 
pens, and the EMTP allows the user to specify tin' -<.> both for the 
background grid and also for the first four curves of a graph. This 
is via the "PEN CHOICE" request of Point 11, which reads five pen 
numbers . All five of these integers are confirmed in the data card 
interpretation: 



For printer (character) plots, there is re-tefirt;ion of th** line limit 
for sparse plots via the "PLOT LINE LIMIT"- request. of Point 12. 
Interpretation confirms the new line * : m i i "L!Ni : 
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The plot specification card of Point b-2 is interpreted as follows: 
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itt generally have toly ««< Kynebwnou**iww^v > "111 I 
frequency (60 H* for the VU and Canada), nonzaro miscellaneous data j^et**;^^ a 
will typically WU- thl* Power fr*<|tt«ttoy. »«aago «o»o*r 1 : y^.lAg 

reminds the user of toy other aonaero usage of floating-point aUowUgMMs-tfh^i, 
I'lalfWwwter »X0PT" . ffei refer erne value "XMT* ie assigned within |$,{i 

. dependent module "STSDEP" of overlay 1 , and tones this value may vary from 
‘ Irena lation (of,the OTPfj recall that the EOT? ia produced hy maohine translation) 

„ to translation.. In particular, our European friend* will generally want to set - .^s| t 
1 ;l this reference value to 50.-. (for 50 Mi )* }, 


r*;-* 


2 i onia? ( ?6*2 ) y ,copt ( >19*4 ) 
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Ihi» explanation i« identical to Wat for MM*g' 1, only her o the flBP 1* 
ooneorned with aiaeellaneoua data paremeter "OOM" rather than "foil". 
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There are actually two dletinct message* itt thi* Otto*, on* for type-99 .•••• 

pseudo-nonlinear resistance elements, and the other for dynamic synchronous machine 
components * They are grouped together* her* only lieoHUS* bofh involve the internal 
addition of a very high impedance resistor* for purpose* of ponneotivity. 

If the user has not paralleled tiaoh type-99 
pseudo-nonlinear resistance element by a lumped 
linear element, then the EMEP will internally 
Connect very high impedance resistors across 
such elements. Such a branch should not 
significantly affect the solution, of course. 

The user is informed of such an automatic addition 
by means of Message 3 printout, where the 60- 
column card image listing and interpretation are 
provided almost as though the user had inputed th* 

, branch himself. The card-image listing will show 
the terminal node names "BUSI” and ,, BU62 , I of 
the type-99 nonlinear element (printed 1ft cols*. 

3-14)} the resistance value M R W will, apptor in 
columns 27-32* 

• ^ ’ » * 

I 1 . , # "9 

f ;\ t * ' \ • * . ' . . ‘ 

The second, related usage is for iynAmlc 
synchronous machines. See the sketch at thw 
right. Where the three, armature terminal 
busses for phases * "b H , *nd M 0 rt \ 

have been given names M BtI3A rt , M B£f8B*' , 
and. ^boso” respectively* Mow if th* 
three armature phases are not appropriately 
ocupled to each other electrically , •" • 

through the network by means of branch#* ; 
which physically terminate oft I'BBSA** , ; v ’ , 

: 4 «»usb m v # and ,"BUSC* , then the tm& ; 
fill automatically add high-impedance 
resistive branches to provide such coupling* 

Such branches should not significantly *ff*ot 
• ; t^*'.aoltttion,' of #,burse. : •; Two internally* \< 
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defined resistors are involved,. connecting "BOSA 44 with "fiUSB 44 
t and 4, 3BSB’ 4 with "BOW* | , each ha* an ohmic value of "■«:•,■ *• , , 

•KiXOI/teffitO ,:• Where "KiZHlO" la the BMC* variable of ‘ /lUW 

: A’ which gives a measure of the floating-point precision limit of the "»\+ •> ", 

computer being used. "ttZSRO 44 io assigned within system-dependent t. *'***■'■ 


module "3YSDEP’! of overlay 1 , so i* a function of the 
translation being used* Pot 60-bit ODQ or 64—bit (0-byte) ISM • 

■'• translations , a value of 1.B-12 is typical* Message 3 then V-- 
provides two lines of printout for a given synchronous machine to • 
which this inter-phaae resistive coupling is being added* These 
aimulate the 80-column cord-image listing and Interpretation 
which would have existed had the user inputed such resistive . branches 
himself. The reader should note carefully the original phraseology 
about phases being ’’appropriately coupled’ 4 * tft particular! a 
.. 3-or-more-phasa distributed line or Bi-tflrouit will sati sfy the 
coupling requirement if connected to the machine terminals, provided ths 
phase are ordered with conductors If 2 , and 3 conn so ted to tm 
terminal busses "BOSA” , "BU3B" , and ”BU30” , fsspeotlvely 


60$6 «ai*» 




,605C 


"machine 



R* <3» \ 


. 1, ■ 
r 

r l ' 




•V 


* . 


K5 ** 


It should be mentioned that the reference branch procedurals used for . 
these internally-defined high-r«»lst*r»Qe elements! Only the first one will ; v ./ 

show ”R** as being punched in columns 27-32 # All later branches will ; - 

hav columns 27-32 left blank, blit with "I*J8.3 M and ”BtfS4” of columns 
15-26 referencing the first such bHinch, A small amount of List 3 storage 
space is in this way saved by the jAjtP-i • ! • • • . v, . .> ? 
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Message 4 t . HI ( 13 ) ♦ MOBOTT. ( 13 ) .'V ; V " 

. , Oils message is simply a reminder that the HOP ^ 

• quite what labeling would imply # if the usef has mysstsd the Apebial MODIS , 

VOBTAGE OOTPOT 44 option whi«h is described in Section - # 14 . £? • ■'V 

that Karrenbauer modi- voltages at both ends of one MhM ^/Ser ' ' 
available for output purnoeea, by means of m* V 

inputs variable "MOBOOT" ( ; » infowation nrintedJ 

,”H1" is always twice this value* M®®****** JJ iU SIS b ?Z«diatsl.v 
data case which uses the "KOBE VOMAOR WCPOH 44 option, immediately 

before the output-variable heading* for the time-step loop* 
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Iria>ftd lately preceding the three IlftM 0* diagnostic text of Message 5 will 
b* fouM Sinteutef '(S&DBBCl), 1*1, HTOT) , *Meh is the renumbering 
B ,‘. 0 froa original numbers (assigned according to order of input) to tranaiant 
nt io numbers (internal node numbering, as used for the network solution within 

«.i tttrt* loop). Ground In Amf *»«* l”**" ””•> «* J“J b > ***""«• 
<• 1 . 1.3 **y by ienumborln*. Itt If the rww«k.rtn* routine Itself OfBT 

dv^ff not do this, the folioring EOT* code must manually »»k* the adjustment as . 
r>?r the orlntod message# The user should not be bothered by tbia message, 
v?n.tch really ia just a public notice of acme internal adjuetmenta which are 
b-\Lug made. This diagnostic aeenw to generally occur in practice only for very 
<Tiaa.ll test problems, it has been observed* 
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If nonlinear, time-varying, or pasudo-nonllnear eleftmnte are present in the 
user’s data case, he is simply reminded that the ph»«or (sinusoidal steady-state ) 
solution for initial conditions require* a Unear representation* Specifically,^ 
rentstanee elements are all aasumwi to >e open eirouila (l*«*» they are ignored /, 
while inductance elements are. repr#Henl«d by 1Inner Induetanoea* 


■Ifeooage 7 


The typical data case will generally involve one or more type-14 source 
elements which are present, lie part of the Phaser 1 sinusoidal steady-state/ solution 
for initial conditions. Put if no snob sources are present* there is no need to 
perform a phauor solution, since It la known to be identically zero# It is Of 
this latter situation that the user is reminded by Message 7* . 


Mosna&a 6 • 

As per Section l.-b , multiple voltage sources on a single node are all 
interpreted as being connected in aeries. Message 0 is simply a reminder to ths 
user of all suoh situations, for type-14 sources which are present during the 
ph&aor solution for initial conditions* . 


Message § _ . 

If a ourrent souroe and a voltage source are paralleled, then the current 
source has no effect on the network solution* This is the meaning of having two- 
suoh sources connected to the seats node (the A6 name of which i® read from 
columns 3-8 of the source bard)* At least for ths phasor (sinusoidal steady-state; 
solution for initial conditions, to which Message 9 applies, such extraneousness 
is pointed out to ths user, , * , 


Message 10 

The phasor (sinusoidal .steacy-state) solution for initial conditions 14 
performed for only a single frequency, namely that-of the first type-14 sbdres 'Vv 
(in order of data input) which is present i» ths sinusoidal steady stats. < t -y 
That la, the first source having field w TSTA8T rt of ooluwt* 61-70 punched *th- 
a negative value* Any other typs-H souroe having "tSfAftt’! punched ^gatiye. 
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wS.ll also bo accepted At this aame frequency, provided the requested frequency 

(columns 21-30) does not differ by over on percent from the original (first). $• •./• : 

frequency.. Deviations of over one percent will exclude such a source from the 

p has or solution} and produce the Message 10 text. Such an exclusion is .equivalent•*.$’.;,${ W. ■ 

to having "TSTARf" punched non-negative for that source. The user should always;,&$*£ ^ 

pay attention to such a message, for if he did not plan on suoh exeluaiona, he* *• 

will be getting a solution which is probably not at all what hie expected.; ,. YYY@Yi : i 
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Message 11 » B0S1 (A6) , D1 («12.3) , D2 (*t2.$) , »3 (B12.3) 
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This warning meesage is printed out 
,'when the elimination process on the phasor 
(sinusoidalsteady-state) network equation 
set [Y] Y m l has been temporarily 
suspended due to the occurrence of a near- • 
zero diagonal element just before that 
, element is to be reciprocated. Of course 
all computers have limited precision ft# 
their floating-point representation, so. ., * 
it is impossible to say whether in theory k 
an exact aero (aa opposed to. just a very 
small) diagonal element has been ^countered. 

*, * . _ ' 1 1 • , • J<t ; 

>"'■ If the phasor network consists of two 
disconnected subnetworks as sketched at the 
right, the associated complex nodal 
admittance matrix {Y j is block diagonal, 
as sketched above. Of course ground is the 
reference node for the equations. Which 
for purposes of. this explanation may he 
assumed to be in subsystem B without any 
loss of generality. Then subsystem A 
has no path to ground, nor to any non- 
ground node of subsystem B . Submatrix 
fY-J is then singular (uninvertible), , . 

. which will show up during triangular! aation 
as the elimination on the last row of f.Y*& J 
is being completed} after elimination 
to the left of the diagonal, a zero diagonal 
element will be observed identically 

zero in theory, a “near-eero” floating¬ 
point number in practice.. , 
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*. Thb tolerance which id used for near-aero eheoking of diagonal eleventh ..f 

just before reciprocation id floating-point aijojUaoehus i*4 

While thi user can define (input)' efeatever. poeitiva value he «jnta for^thia_ 

variable, it ia common to use the BMTP default value* tor ^.2’ SSkSSLh (i 

on the user’-e float.ihg-poiat mieoell^teoua data card, the installation 

dependent default value ia designed, (the hunwrlpal i^ua, hf. !^lh h la. wet ^ | 

in syetem dependent module, W SYSDBP W of overlay U The fourth printout variable * , v.»* , .>| 
of Meaeage 11 ie \ : ''y /, s / 

; fhe warixfnai diagonal value tt which ia mentioned by the. meseega '&** *U. 
value of the diagonal element .of 'the .matrix for th* row.which is oauelng trouble, *. u 

vaiu^of f . -fhe ^udstionabi# value«» which .u mehtiwied by y ?$ 

■ -U.1, 1. M t»i«* Wif- V ?.£ •'i/if f i 
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used for all quantities. This is because the matrix [f] is complex (has •' 
both real and imaginary parte), and yet aUtheueer wants is a single peal v 
number which gives on indication of how small the diagonal element in question - 
is. The magnitude or modulus of the numbers would be the natural choice* though 
the squares of these have been used for convenience* 


If the subnetwork in question really 
is disconnected from the rest of the 
system and ground , then the stated EKxP 
identification and associated correct lire 
action (setting subnetwork voltages to . 
aero) was of course correct. In this 
case* the user should be happy* 


Wj8k 


On the. other hand, if ties do exist • \ * 1 / I / 

'm subsystem A to subsystem 8 (**• V J J f V./ (J f 

.. i.-h), th«»n 'these ties are just too W ' 1 ’ 

■ has been fooled* 'In l \<» j $ • J 1 

tnLr* . . , i liisr the network parameter • \ | \ - i 

values or "TQLMAT" , or both* should \ y . Ill 

•be modified-, since the solution with f ft . Y t j . - t . i I L 

aero voltages for subsystem A node# ^ ^ ' ' ' ' 

will genera) )y be grossly Incorrect* Uhe. d 

resultir?-: ; ^neient simulation may Well • • ; 

have a auls*initial extraneous discontinuity r ... • ; 

or shook at time aero, beoauae of the erroneous . ‘ _ . ' 

ijnitiai-eondltion voltages, note, for this reason* , . 

the user should always pay attention to Message 11* and verify / , 

that it only appears for. eases where t.he subsequent zero-voltage solution 

Is acceptable and correct. . 

One special problem concerning Message 11 has to do with P has or solutions at 
frequencies which differ drastically from the synchronous power frequency. For 
example, do initial conditions representing trapped charge on an unenergized line 
may commonly be generated by a phasor solution using frequency 0.001 Hz « But 
in such a ease* the impedance of small ‘'isolation* 1 react®* 10 es become extremely 
small} and the impedance of oapaoitors becomes very large.. What might well have 
been good strong coupling at 60 Hz can become very weak coupling at such a 
drastioaily altered frequency, then*' For imoh usage, email isolation resistors 
may then be preferable to isolation reactors* Since the impedance of a resistor 
is of course frequency invariant* ' 


Message 12 '/'••■’ ‘ • v- ■ 

In' case program execution is to be stopped after the steady-state phasor 
solution is complete (which is the case if floating-point miscellaneous data 
parameter "TMAX" is punohed non-p.oaitive), the steady-state phaaor solution, 
for transients variables is always provided* This is in addition to, and 
subsequent to, the possible printout of the complete steady-state solution >Mich 
is controlled by integer miscellaneous data parameter "K330OT" . Selective 
node voltage output requests are read os per. the description of Section i.Oa . 
Should one or more of these A6 node names be illegal.(i.e., non-existent 
the user's previously-defined network), then tho text of Message 12 will result. 
This' is usual) v tb» ’•"cult of a spelling error, which includes the proper 
pJoiviotting of clank characters in the field of width six* 



Ait ;• ' 

Message 13 

This massage la clearly equivalent to Message 7, only is located in s * 
different overlay. It's a little embarrassing, running across such duplication. 


if 1*3 



Message 14 


B0S1 (A6) , B0S2(A«) 


TAGS function blocks (see Section ft. 5.1 ) 
all have summing junctions on the input end. . 

As many aa five A6 names of TAGS variables 
' can be specified, aa Inputs to the function 
block under consideration. Sometimes such 
an input name may legitimately be repeated. 

For example, if 2 * VOLT le wanted as an 
input, the user could avoid a multiplication, 
by two if he would input "VOLT" twice 
( VOLT + VOLT ) • Here the signs of the 
repeated Input variable ape the earns —— both 
positive. But what if the uoer has opposite • 

signs, producing exact cancellation (e.g., * 

VOLT - VOLT ) ? It is not clear how such * ‘ .7 

situation could have any useful engineering significance, 

but it is allowed by the SMTP, In fact, this cancellation Is produced . 

at data-input time, wither than numerically as the elmulation progresses. 

The result is just as though the, user had never punched the Inputs in Question. 


VOliT ' 



TACS 

gK- 

function 


MocK 

'Volt 





tesSMe 15 

•'"/The initial-flux message (one of 1st two ^IL^is 

fly tii« filfftP for #v#ry induetanc* eloiaont of tho da;fc* cm* wwn » 

met thrift fati sotly linear. Included, then, arst 




• • • * • 

fype»90 pseudo-nonlinear reactors of : Section 1*291 * • Becell.that . 
lU amturabi# trartsformer couiponeiit of 3sotion^K|5 
ijr .*> element fb* the magnetizing brgnofe*. provided the^haraeterietio • 
is truly nonlinear (two or more points used to define it J, 

2.: fype-93 true nwlinear inductance elemimt of “ ^Hon 1*51 

■i* Type-93 switch (switched-iaductancsj element of dseUon ’.52 . 


•VI* - 




The inat of the 3 printed lines 1* only outputed if th flux In question is"■ 
•'out of bounds"* It t» important to realize what such message means, and 
also what It does not mean. 


Pirot, shat Message 15 does not assn* Absenos 
cf the message does not mean that sinusoidal 
atendy-stttto peolc phanor flux is el thin the botgid 
which l.s being chocked. It le only tns flux 
value at time zero which Is to be used os 
an Initial condition for the subsequent transient 
Simula tl un —— that lo cheeked. This Is the 
projection of the oomplex phaaor^?' on the 
real axio. It lo pooelble for If 1 I to be way 
out of bounds, «nd yet ^(o) wight; bo oroall 
or even zero* Absence of such a warning message 
time does not Imply that the true steady-state, 
periodic solution la sinusoidal} it way in 
fact be highly nonelnusoidal* 


?/; r 


V(o) 


Sooond, there la the limit value which ^ (o) le eheoked against. For 
the true nonlinear and the peeudo-nonlinemf elements, the assumed limit is 
^steady ’ *® rood from ooluwno 33-50 of the first card defining the component 

in question* For a witched-induo tenon elements, it Is the breakpoint flux f\i 
which is used, me read from columns 45-94 of th* switch card. 


Finally, there is the potential numerical complication which may result 
from Initial flux being "outside the linear region"« 

, • i 

1# For th* type-93 true nonlinear 
inductance .element, on the 

’ J 'first tluio eton operation Al v ,/• - ,—— x - 

' • ' will, transfer to. the , . .k (%IT 

nonlinear charaatcrlotio (see it /<*«■*«**) l th* «j 

sketch). Thin wlll gonerally • # , 1 Uolat J y jaee • 

< be a nearly ftqrlsontal jump ' ; 5 “ J T~“ 

(constant flui trajectory), V L* 3xm 

whioh implies a sudden ohange ” *V^* “* ** m *7 

Ai in the current* The * '; 

result may well be an f / 

extraneous shook to the ■ »«t*t n>* t<wm 

' system, and a spuriouo , fi eaetee •* ; ; 

transient. For example, if » / v K»t«iwijr' l ew*iy 

the current jvuap At ie / 1 to th* *i«p» or 

thr«i,h « Xlnpar / I 2T24S11 *" 

, Inductor ’I. in the time step j , 

of else At , a spurious I «#——•— Alj " r "" r rrt1 ^., . 

.voltage ohange on the order of f 1 

• av • *• %.At /4t wm TTl ---’T 

appear across that element, ' vw 

l'..For email time step At , this 

’ . : may he aotrattomteat, • . > ;• 

-'H' . ] • . ■ 

. ... . Ae a remedy to the just-elated '• 

difficulty, the user is free to 

:-■****' w*• . 

. ; , so that the steady—state line •' 

. passes through (or almost 'through) ^ 


[C + ^M5P ^ 


Th« *cmtm 
0 1 *Xop« 

4 hM I 

fi#**! htn# 1 




'i ; f 






V* 




J , ♦. . 


. ’■.<»' 

I.‘ \ ,' 


•V ’V"( 

, . ,f. 




the transient operating point* 

This is Bhown in the second 
sketch, below the original. If 
done careful, the shook at time 
aero can be effectively eliminated, 
generally. 


2 * • For the type-90 pseudo-nonlinear 
inductance element, the preceding 
: ■ general idea of a current jump 
e Ai at time aero ia applicable* 
However, present type-90 element 
loglo allows only one segment 
change per time step, with operation 
.-! always beginning ott the first 
segment, at time aero* Henhe on 
the first time step operation might 
' switch to segment number 2* on the 
second step to segment number, 3, 
etc., as shown.at the right*, It 
thus may require more than one time 
step for operation to more to the 
nonlinear characteristic* 


i * , * 
\'s 


'! \ 
•T-/ 


• /slop* «t Um > at«ady-0t*tis \ 
A lllnw tnduetana* T ohoa.n to, 


' n- f- 

■ tf ii f'.‘ * 


3*' The switched-inductance, Clement 
will, simply switch from, the 
.’ v linear slope If to the 
.*:*.! ■ saturated slope lg on the 

first time step —— ah. operation 
, which is well behaved numerically* 
' ■ Yet the user should note that ( 

operation will not be on the 
v.V; characteristic which he thought- 
he wan inputingl Rather, it 
'' will be on a line parallel to 
1 the inputed saturation segment, 
higher in the -1 plane 
(see sketch), which intersects 
the extension of the unsalurated 
segment at flux value ^ (o) *, 
This is bo-cause the EMTF . 

representation consists of 
paralleled linear inductors, 
with a switch in series with one 
of them (see Section 1.52 }.« 


As a.general remedy for the preceding complication, 
the user can often advantageously rotate source angles, 
for a balanced 3—phase system. This does not affect the 
problem physically, of course, since one is thereby 
simply redefining the time instant which one chooses to 
call fw.ro,• Tiu uptime! situation is to have fluxes 
(currents) situated at 30°, 150°, and 270, 4 in the 
complex plane (phasor diagram), so that all three 
initial, values are limited to .066 * 13 /2 times 
the peak value. This gains 13*3$ compared with a ■ 
the worst choice, which is frequently enough to .•> ,, 
eliminate Message 15 text3, ' ; 
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M eanage 16 


• This mcep.?j?9 text, is purely informative, and is in no way a complication 
Which should worry the user, provided data parameters for the line in 'quae Lion 
ara correct. If the user >s keeping track of cn--. ouiaber of memory locations, 
required to store the past history (List 8 of faction 0.6 ), he is simply • 
rescinded that no cells are required for the particular district: l .'d line nuich 
is listed “•»«’"* because it iias Karo initial eondit.tov.ia (there was no ph-.^or 
solution) and ■•■5IX modal travel times for the line are le®. < 3 thnn the texiuinal 
study time “TKaJC” (float in?-point miscellaneous data parameter). The idea 
here is tint the EMTP is not going to store pant hi.ator.? if the simulation. 
vX'il not be continued lung enough for any of it ever to be used. 



ni ( 16 ) » . wn&m (l6) t 8I0MAX (P8.4) 


This message can appear only during execution of the special test procedure 
for the ©OTP random-numhor generator., Recull that if integer miscellaneous 
data parameter "NERKFfC" (:>ee Section I.Oh ) .la positive, and if "ISW" 


of the following '* 
then such a special 


•’! ’TIETICS" mlo'ellaneoua data card has value 4444 t 
test will occur. Switch doe trig times for the EMTP data 


case are generated, but no subsequent simulations are actually run. Instead, 
such switch closing times are ojjapJy tabulated for user scrutiny. The user 


, specifics "S.TGMAX" an number of stand a i-rl deviations on each side of 


f the mean over which this tabulation is to be p ( t>iiuced. If this is 3.0 or 
1 4.0 , moot likely none of the sample switch closing times will fall outside th 
range of 'the tabulation, and no such Message 17 text will be seen. But 
should NI > 0 cample switch closing times (out of the "NENERO" which 
were requested by the uner) fall outside the tabulated range, this Message 17 
text will be outputted immediately after ttie closing-time tabulation, • . 


Message 18 

u... **««*.*, ' t 1 /*<*.•* 

If the user ever gets this message, simulation results must be viewed with 
extreme, skepticism; he should review the’ transient characteristics ot the 
problem being solved, to understand why the modeling being used is deficient. 
M 0 deling should then be altered, end the simulation re-run, since to most coses 
the'present results (producing Message 18) arc erroneous in sou-i • way —- perhaps 
totally. • 


Message 18 is associated with 
pseudo-nonlinear clement trouble. 
Specifically, operation wius on some 
segment other than that phasing . 

■thr ough the- origin, when a sign 
change of the ordinate ( V or )) 
has been found. icn the sketch 
at the right., where operation ,pn 
segment number <? has .beeri assumed 
for purposes of illustration. 

'.virile operating on the Infinite 
extension to segment, nun.her 7, a 
Sylution with u •‘rive, or-iiaatu " ' 
value haw h- -m; ..; vt ,od.' Cl>ivrJy 

we are not moving .v -.-.ly up and d^wu 
the characteristic, then, which wics 
one of. the imderlying assvunp lions 
oehind successful pa euuo—ncnlinear 
via went usage* Once operation. 
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e«M«» to track the characteristic, the 

£? 0 “**"' wua ’ <* ««••. f«» 

•ufflaient Dooutlu^LAuiJ 1 ** **’?*'*’• ******* '® frt i« 

««»£ U »o? but that if 

un.oc.pfbl. trfUag o/th« ohJ»,f rl»tio^rtll P ir«2!‘ , 0ult ' ,rr * Uo ' !«*», 
•SouM .uoh occur without . .Ign .h»*. J 

of tho^Sf^J^Sbf*o? h Sf f“r tMo*li bmH 1tM * lbl * owoctioo 

in r from one tine etep to another can be ihmaI Jit dt • chM « • 

decreasing the tine-etep else "BEMMT" f 1 * I?* 11 * then » ** :. 

parameter]). Am, •*.«.„«! u ” floating-point miscellaneous date 

iodic tion that the simulation 7a*Riverain* 1 Ui«fK? 14 usually an ;; 

this case, voltage magnitudes became Wowing up). in 

tin. step’are no*lo%£ 2»2, * rhUt * H1 * ****** «* ^ dhangea over one 

- 1 ** *’ r m • * . 

aeroaa Vne^S^iSSrSi^MiSSinrooSlttai^Sf # Jiiw n0t 4 !? naot * d 
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e* 'iJllt *ACS do ataady-atata initUliaation for t » 0.0 la antared if 
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*.f wTJeT'vttf •* Initial, conditions art calculated tor 
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Message 21 

Integer miscellaneous data param* ter "IPy!f tt provide* for the option of 
punc hing terminal condition* of the study, if so desired. But tfai* only works 
for data ^aaeTohlch hare no distributed ttn*s. If th* ueer trie* to exeroiae 
tola punch option for a data case hating: distributed parameter lines, the 
punching will be aborted with the text of Message 2t« 

■ ' i ■ ' i ' ,'v *!• ' 


When using a Gaussian distribution for 
random switch closing times of a statistical 
overvoltage study, there la always a finite 
probability of generating negative closing 
times — —— irregardlesa of the prescribed 
mean closing time ? and standard deviation 
cr* * This is shown in the sketch of the 
density function at the right, where th* 
shaded area under the left tali gives the . ! 
probability of a negative, illegal switch 
closing time* This is for each switch, • 
for each energisation (each time we roll . 
the dice). Since the simulation begins at 
time sevo, the KMTP baa no way of 
representing such negative closing times* 
ahd this is why they are called M lllegal w * . 
The boot the S»EP can do is close as soon 
as possible, namely at time zero. • , 

♦ , 

future versions of the E6KTP will 
have the option of cutting off the tails 
of a Gaussian density function f(t) at 
some user-specified number ‘’’SIGMA.!’* of 
standard deviations from the mean* Yet if 
.,J . - SIGMAX * <s“ la negative, there will 
still remain the possibility (probability) 
of negative switch closing timps. 
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Ths.tsktf of ffcosa$«3 ?.Z i>•», to -rsesind the uses?. that the 
lntaraally-geBeratod .rondon number®'‘have been ..'.aborted ‘no. sm to fit tats ths 
uadi«iriylng -SSffl? framework. If a sigtAfloant fraction of the sloping tsiwa ' ' 

■ show, tip aS'bavisg been converted-.to zero, 1% user la advised to appropriately 
Increase tfee ®a#ociated mean closing times, f , thereby eliminating ih© 
problem. Heoall that time is relative anyway, Kith the instant of tine Which 
, It called zero an arbitrary choice of the user. 
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Section 1.1Q-B-7 shows how the user can redefine the spacing between 
Caloomp plots by mesne of a special request card which bears the key word 
"MEGXS 1 ' In columns 25-30. The new inter-plot separation is ths aingla-digit 
integer variable read from column 4 (field “KSEP" ), which is in inches. To 
he legal, this must be greater than or equal to two inches. If Sera or unity 
is punched in column 4, ouch a request la ignorsdyand the text of Message '2$ 
is generated* the EMSEP continues to uss whatever separation was in effect t 
the time of the illegal request# 


.<&’V 


Section t. 1Q-B-8 shows how the user can redefine the smoothing tolerance 
which is used for Oalcomp plotting, by means of a special request card wbioh 
bears the key word "SMOOTH” in columns 25-50. While any positive value for 
the new tolerance "BPS” (read from columns 16-20) is permitted, large Values 
will lead to rather lagged looking plots. The text of Message 24 is outputed 
to warn the user, should he use a tolsraaoe of 0,1 inches or more. 


Section 1.1Q-H-6 shows how the user can initiate a graph-size adjustment 
for Oalcomp plots, by means of a oard hearing the hey word "HEIGHT” in columns 
25-50. An explanation of Message 25 is given in that section. 


f 


■ This message should be self-explanatory, except for clarification as to 
wh re the limit in question comes from, and why the'massage talks about a" 
"flatbed” plotter whan it is Oalcomp plotting which is under consideration l 

Conventional Oalcomp drum plotters can in theory produce arbitrarily long 
tine axes, it would ae«m, by aimpiy rolling out more paper. Hut net everyone 
is actually Using such hardware for ths plotting. There efes flatbed plotters« 
wh rein plot dimensions are limited by table (bed) size. BPA is an example'.of 
such users, haying EfI flatbed plotting hardware for which a Oalcomp software 
interface has been provided. The limit on time-axis length, then, is t° beep 
the pen from moving off of the table. 


Anyway, for. all translations the maximum plot length to.be permitted is 
carried in variable <f SZBBD" of /MJ$K/ . ' While a default value . is 
assigned in system-dependent module ^SySBEJ”* of overlay 1, the user can 
redefine this to any value that he wants, as per Section 1,0o. ♦ The. 
default value is, of course tranatatpn-depsndenti with 72.0 inches typical. 





Message. 27 ? YPLOFF (B1?.4) 

This message will only appear 
immediately after Message 25 , 
as a qualification. Message 25 
was written! .when the EMTP required 
that all, plots be layed out 
horizontally oh the plotting 
paper. But since then, vertical 
spacing (one or more plots above 
another) is also possible. See 
Rule 9 of Section 1.10-A • 

3h the illustration at the right, 

• "VPIOFF" is the offset height 
as printed in this message? it 
accounts for vertical space which ' 
has already been used by one or • 
more preceding plots. 


Messages 28-30 
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Self-explanatory, 


ge 31 i HF1 (E15.5), 


(m5.3), HMAX(E15.5) 


- The three variables which aps printed' otft as part of the message are ‘ 
ar - read from columns 5-?, 8-11, arid 12*15 of the plot card to question. • 
Se^r.- -.Point 3 of Section 1,10-8 for further explanation. One of the three 
illegal conditions listed below has"been noted? 


a) HP1 ^ 0.0 
b j HMAX 0.0 . 
a). MAX ^ HMIH 


— The scale of the tine axis of the plot can . ' 

not be negative or aero. 1 ' tl ’ 4 * ..sifi* ' ' : * 

— The ending time w HMAx M . can not be negative or •' 

aero*. •. , • • •, •'!' 

— J* i« impossible for the plot to end (at end-time 
"HMAX* 1 } before it begins, (at beginning-time "HMIN" 


'' .i’vl. ' j .• J 


tesaage 


j - ■ S elf-explanat ory. 


block cTSowlIS , t TJ“ f *, 0rlcln « ***« for plotting-. ■ 

(whl ° h «W*2V*. ' 



m 




overlay), If this vaulting space (sever • 13 bcis(»dl.'' < W- “ 

r«riAbl&»4iaea^iyiain{»: orogram) is insufficient for plotting purposes, this'. plot 
request is .aitaply' sallied, as pef' the text of M e s s a ge 33* ; 

The solution tp thedilemwe, af «pni«r'li -ta-staply- j?^towwnaiik«b. 'ililwCI-vrV*'** 
ttttP aa per Section 0,6 *;. -Vaginae it is only the total length'of' /tABgl/ ' 
which matters, it is immaterial which of the Independent llate are used to 
provide for-the increased storage* • 

It should be emphasised tbst tbs nuaber of points to be plotted on sap one 
graph la not directly related to the appearance of Message 53. The BilP IS 
oapable of plotting an infinite nuaber of points on any one graph, since the 
working spies it used only ss a buffer, to be dusted onto logical unit nuaber 9 
if it should ever bee one full* Vo, Message 33 indicates a more fundiuaentel 
problems the EMKP dose net even have enough sorting epees to set up the 
just-mentioned buffer* this particular progress version which generated Message 
33 suit really be dimensioned way dean, designed to run In a very small memory 
partition. 


: *■ • ‘ 

: i • '*h .7 , ’ ‘ 

r <”;V*r * * , 

vV* • 'iji ■•V % • 

* , . • ■"< ,'** 

■ *, ; r , .v, * 

'‘O.’ 1, A‘_. 


maSBB&M 

Self-explanatory. The BMT* simulation of course begina at tine sero* and 
oontinuea through tine ”TMAX" {floating-point miaoellaneoue data parameter). 
Bit the user's last-read plot-request card wanted a plot to begin arid end at 
the tiaes which are incorporated into the moenege text* these times (a* read 
from oolunna 8-11 and 12-15* respectively) define an interval which dose not 
include any times for which the Solution ha» been found. 


tfssasiil 

This message signals the commencement of the averaging of successive plot 
points {for purposes of plotting only), for one of the curves of the last-read, 
plot request card. The limiting nuaber of oscillations (before such averaging 
"la instituted) can be chosen at will by the oner, aa per .Section i»0e * ter 
an example of an ME* solution which would Institute smoothing wars tha oscillation 
limit not diaablad, aee Section 1.40-0 , '’Remarts on opening action*. This 
phenomena of "spurious mathematical oacilletiona" is further diecueaed in the . 
XHTP memorandum dated November 12, 1975. (Reference 8). 


The user is not allowed to stretch the time axis of a printer plot out so aa 
to oover more lines on the paper than there are data potato in the curve being 
plotted. If such an UlegaUy-lon* printer-plot request is made, the printer 
plot will be trunoated at the aforementioned limit, as per the text of - Massage 
36 or. Message 37. .' . , 

is for the rationale behind this line limit On printer plots, it just eeeaed 
lilt* a good way of at least bounding the amount of wasted paper, in case the 
user makes a gross scaling error on hie time axle. "Save a tree in Oregon,* 1 
an the paper-recycling sign at SOI in falo Alto used to read. Some computers 
, or compilers may not allow a line limit, on the printed output, so hundredu or 
tfvlri thousands of pages of extraneous output could conceivably be generated if 


v '• lyS, . * i 
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18c. 


goes along with each line 0 f output* in astrmLi^IS^S^ 1 T°' mt of com P u tation 
(•.«•• 100000) then Is not poaeS bEaJJfST^Ii ““Jf of ou1 * ut ^ 
euoh a simulation that long to senara*. SHVi*** 1 *!** 00uld I nev * r afford to run 
UMt should in no ' P " th “> «<* • ■ 

■onso for the uner to plot fewer then L. u “**’ Ior u <"»»» bo 

Maximum time-axis resolution is reaohaA wien*!!^ 0 * f e ^ rr ® P® r printer line. 

Ubo. It would only l M Pjr prints 

curve were outputed for 4soh printer tlum one P 0 ^ J the 


Message 58 t, , HJS1 (A6) 

mirt „ This message will be printed for 
TACS function block "BOSI" if there 
is trouble with the limits which have 
been specified by the user. .See 
Section 8.5*3 for rules about limi ts. 
Jh the case of two variable limits as 
in the sketch ( M IOW H and ‘ "HIGH" 
are themselvee TACS variables), the 
, Whole concept becomes Inconsistent 
if the numerical value of n L0W M 
should ever exceed that of 'HiOH" , 
Such a contradictory situation is 
referred to ae "criss-crossing of 
the limits .» Bather than terminate, • 
the simulation with a fatal error stop 
in this case, Message 38 will appear 
ae.a warning. The ueer is advised 
to rethink his problem formulation, 
should he see this message, A fatal 
IMT?: error stop really might have 
been more appropriate, because at the 
instant this message is printed, the 
problem as posed by the user has no 
solution* 


Message 39 t 
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Message 40 * B0S1 (46), 11 (14) 

Ihls message Indicates an error in preparation of the TAGS output- 
•variable specification card of Section 8.5.6 . Bie 6-character 
alphanumeric name "B0S1" la somehow in error* there is <po such TACS 
variable, ao the output request la being ignored (no such variable will be 
. printed or plotted). 





Message 42 > LSYH ( 14 ), #5 (tt) 

Rather than being Just an informative message, this is alao a temporary fatal 
rror atop ( FOftTRAH "STOP”' statement located in module "OVERS" )« The message 
exiata only because the dynamic synchronous machine (S.M.) code of Section 1.52 
is not yet variably-dimensioned* See the end of Section 1.62 for a full 
- discussion of this dimensioning problem* If the ueer really more than "Ii5" S.M* 
huaaes, and if he has selected Id t #17 slab "LSYR" larger than this on putTpose, 
then there is problem changes to the SMTP fOmuH code mill be required, in 4 
ordtr to tun the data case of interest. On the other hand, if M LSVN" whs 


4$t 


•Imply chosen to bo different than the printed value f "K5” by accident. 

using "LSYN" equal to the 
(UTPP having "M20. M idents 






r 




printed value of , !U5 M . As of October, 1977 
/* "N5* was equal to two. 


WWW 


Msmss 43 t . PI (l5>, Hirst (Ad), H2(l5), *3 (15) 

This message implies an erroneous punch in column number "HI" of a 
Ones 5 synchronous machine {S.M.) data card, as described in Section 1.52 .» 
Variable HJS1 w will Indicate which of the three types of shaft outputs Is 

involved - either H AKGLE » , "SPBlSD • , or . The, third of 

these actually doss art apply to the single mass which it listed, but to the 
connection between this mass and the following one. But the requested output 
variable simply doss not exist, so can not be provided by the EMEP> the shaft 
system does not have this many masses (only "K3« masses exist). Presumably 
the user has punched the wrong column of the data card, due to carelessness. 

Message 43 waa vwitten before the alternate, expanded format for Class 5 
S.M. data was made available. If the expanded format is being used, eleven (ll) 
must be subtracted from the printed value of in order to get the correct ^ 

column number* .* 


Message 44 ; BUS1 (A6) 

First, read Section 8*5*5 Ob Haltere. The TACS-calculated 1 
ff lc i;J at i oft la * one-pass operation. Depending oh 
of J he blocks, a limit may be superimposed on a block, 
aither after or (preferably) be fore it* value is used as input to 

Si t ??L? 1 ! Ck \ 0wri J« *f® calculation at t > 0,0 , the effect of 
the limit is at worst delayed by one time step, a* discussed in 8*5*3 

chance** no!* fat t a 0.0 , .there la no socond 

chance, and should a limiter be found to operate at t * 0.0 , the 

ot k° r blocks depending on the output 
of this limiter have indeed been calculated using the limited value. 


IslS5»gM3 > Ml (15)* »4 (11) 

has already been discussed in Message 43 is at 
JfSItSl!*,* ***** complaint ia **** **»« nontaro output~requ*a« punch 
a one nor a two —«. the only two digits which have meaning, the 
second paragraph of Meeaage 43 applies here, alee. 


»»4« 


2&m* 16 * dPOOfT (15), IVAR (15), ISM («) 

_• J*** should be self-explanatory. The end of Section' 1.62 contains 

inn^fl^L a0 f»SI!ni a i^f 5 * ho "*«* *“*» th « limiting program dimension might fee ' 
increaaed. abould this really fee necessary. In the nomenclature of that. 

•action, p has value JPOIKT** me printed out in Message 45 . 
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Massage 47 : BPSILW (E13.2), NIAMAX <I5), HI (l$), EPSDIV (E13>2) 

Paragraphs number one and number three of Message 47 are always printed; 
paragraph number two will only be printed In the case of numerical blow up (not 
In the case of Insufficient number of iterations). 

PUrther Comments about the "PARAMETER FITTING" option which has experienced 
trouble will be found In Section 1.62 , where the synchronous machine (S.M.) 
component Is fully described; see Class 2 data cards, Point o . 

Message 47 might possibly be printed twice for each physical generating unit 
(four times for a dual machine), since d-axie parameters are fitted separately 
from q-axls parameters. 


It should be noted that "EPSILN" Is the floating-point miscellaneous 
data parameter of Section 1,0h f so it is under user control. The iteration 

limit "NIAMAX" can be redefined by means of the "TOLERANCES" card of 

Section 1.62 ( Class 2 data cards, Point b )* The blow-up tolerance 

"EPSDIV" is not under useb control; It is hard wired into module "SMPFIT" , 
with the value 0.5 being uded as of October, 1977 (empirically set 
by Vladimir). 

As per the final paragraph, execution will continue without parameter 
fitting for this axis of this machine. The subsequent simulation should be 
generally valid —— at least as -valid 'as the input data. Yet the user Is 
advised to scrutinize his machine parameters, since the most frequent cause 
of divergence seems to be erroneous (either phyaieally-unrealizable or otherwise 
highly improbable) data. Vladimir could tell you an Interesting story about 
the data parameters used in Reference 18! 

Message 48 

i 

The explanation of Message 48 shall be limited, due to plans which will 
eliminate the entire complication in the near future. Rather than use pairs 
of nods names for reference purposes, we Intend to use a branch name, when we 
can find the time to make the change. 

Message 48 requires no explanation when It le working properly. Here it 
not for reference-component usage Of the eatumble "TRANSFORMER" component 
of Section 1.25 , there would never be any ambiguity Or confusion. 

But the saturable "TRANSFORMER" component of Section T.25 will often 
produce "false" warnings, which the user should learn to recognize and ignore. 
The problem is that, Internal to the SMTP, a saturable "TRANS la not 

a transformer at all; only the user thinks of it this way. At data-input 
time (in "0VER2" ), this higher-level, conceptual interpretation is broken 
down ipto low-level SMTP building blockui 

.1* One series R-L-C branch for the primary leakage (R;, L; ). • 


2. A dories fy-L-C branch for the magnetizing resistance 
should the input data field be nonzero. 

3. - A Type-98 pseudo-nonlinear Inductance element for the 

nonlinear magnetizing branch, if ahy. 


R 


mag 
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4 ' ’,T 1 r,t * 5f" ° f bB,nchm - «wh "presented by U) 

2—wind in o> -ih «i +J, w Z X / 2 . fflatr4x representation for each 

oi^tT ra,r<plua *-*■•> *-•. 

aa tumble. “TI»SSFO»ffiB” hl coiiJon2nta t Sloh 1 ufe r th the ?* 8e ™“ ln « 9 i for 
option (field »msv j T ”! ?7 h the ™**rwnce-component 

* —1*7 - ” “m 

lZX»rf t °K lr0Uit) 1 ”, th * ° M ’ ° f " ttemefoLr '.-off* 

““ **,»• —■* P«i- “f "oda nauea, for th. 


Point to be made , 


r>»« reference usage really does exist. 
Internal to the SMTP. But the user 
had nothing to do with it, and should 
not, bo concerned. The user Should 
in the case of saturable . "TRANSFORMER" 
components disregard the warning about 
which elements were rejected, and which 
unen were used; the EtSTP never makes 
a mistake in this case (famous last wordi 


Message 49 


data 22 (::r g a«a U ,A e ShttSV" 5 "f*™" » "Vsimw 

just one energization. This situation*In ■ jaction V* ) 111 which there is. 

miscellaneous data parameter "NENERO" (aoe^Sertion* i*oh ) ith inte f^ 

Of course no sort of meaningful tAbuiati,™ ,?? 1>0h ) equal to unity, 

single energization. ? £ttjf £ lill t£ r - the of >** * 
postprocessing of Wlay # 2 *^(mod.ul^llRS^)^the conventional 

v&xdUuicQ {find otttnd&jfti detfiAUfthli /Io , t i u’j all except for th© 

mill ba requiredand Se e vision by tBmn . 1 . 0 

lnatead. - 1 1 being bypaasodi fieaisage 49 la being printed 


Message SO • • * ' 

part of his SMmv jtn e^riht^quirf-» S ' V, ' [V r ™ 3 * r T 111 0Vftr oe ? this message as 
liave redimehaionod his SMTP Version V qo a^ic ar»v-V'T**’*! . 1?ttlnt cnA?»ee people 

*•»» .hich M or* :;TL of n, °“f « 

Eli(M V M,2G) through js»fv y inj . , 01 7 : 6 ' » it la arrays 

mrS^ldea 0 ^ ^ ^t»»nnl,“n"of 3 “ JT ^ “™ tu ” 

are.needed. ' •»hil'* only, a -m^a» of 24 

would be available, and them would' hr ♦,«,?! a V ^UV™’ 16 w0>kir '?^* cea 

•Xw should emphaoizod ^ - ^ t0 * tn -’*^1 :r.at:hin^)* 

such,lack of temporary wojki"!? I'?’" ] .T ou W iunaffected by -viy 
Message 50 oniy rufera tc 3 to'^ao'"w?'i :wfc ?^uent simulation will fee valla; . 
purposes. . , «*«*<* for •steady.state printout 



&ggflHL21.« 


m 


(u) 9 tim (u), mm (u) 


«» 1 9 atamg» is e«lf«©Kj>laaaioryi sot each ®2.re will be addoc her© 

Meeasgo ?t m £M generally only be eom la conjunction with a eaas which hne 
* ****• J* eud/or pseudo-nonlinear «l«oente; the tewimi 

£* !3' ?B! * n !' a ?"? ««»**•*»•* to W rmwsbercd last, thereby increasing 
Ife,# fill-in during »Jntt3a»c* triungaiartoatloii. it should be ^toized that " 

1!^ fdr th * »«tworir (as used .a-, the ftbae- ' 

9 t$p limp ; which now ****~~ not the ranu^torfe^ fcttsaat for the 

Mtwori?* SbwtlS the ^tomge in&dwpmcy o^.car during 

rtdujbortng for lh« otondy^ntate phac*r oolution, a fafal’HuzP error slop 

(with 11 &XI& oode f *ia in Soot ion £»4 ) #iXl rcoiJlf* 

!J b L^‘ 10 wavering frois th# • tomgc inadequacy, as par the 
aeeond paragraph of .tewmg© 5t « Hi thin my be only a toaajwttiy reprieve 
aaere is a fundamental sf.©rttg« inadequacy4 a d a mibnequent SMTP «»-y»y stop 

•*?"*"**** w 9 UBbertn « •"• Ui « r^mtrtx factorization or 
omatxon (for the ti«e-sn«p loop) in not u -ifcely. it ta depe lent Hat #99 
(of the summary Statistic* which tamtnnte woo, e<?e Seer .>n 2,3 0 / 2 4 ) 
which io of inadequate olzo for the user's ditta’cnuc* HtflTP md iaenaioatEu of * 
Gaction 0#o io raecMMndatf, with larger numbers for List #5 and/or List #8 
Both of these lists contribute fully (too#) to list m . / et #e . 

r , h/Wt f ®*’ WWOmo only, the renumbering rnp NOHDEE(l) has boon 

:a^r w • 1 - *" «* «• • *.«*■• **• *= «*»•«* 


Moacqgc 5a 


3BSt U6) 


A 1 ' 


**?!« situation may occur after aupcrleposlng the dc and ac 
• TAOS*calculated ateady-otaU initialisation eolutlone. In this case, 

?h« Tt J?« kr:ibut * one t0 tw » »«tput of this block involved 

}f * f< thtt limiter. hut when adding the two* 

**•,.'*?" * that the output value oxceodo either lower or hirher limits 

os thS block. However, the value of other blocks depending dn this 
.output has already been calculated. Road the interpretation of 
mocongo 44 for more details. 


hlijflsftiyo 53 


UMMthlUft is-grossly wrong, if thtf user coca Mcncagc 53 . Either one 
■tiT- more'UOlutiofia ia garbage, or the user hno made an error in specifying his 
voltage, or hath? UvcaU’ that "X&AJiKX" of the *'«rvfK;iMCS“‘ or 

'SxSffSKA*lC M ^ '«iac»Uaneaus dqta ortal (ace Section t.ta } is supposed to 
be a voltage level (in pet unit) which uuould mv*r bo. rzc ceded during any ' 
Jw th * u«>ns, Then, just to he doubly sure, the KflT riulttplieo’ 

tilia un^r-ttuppUM figure by five, Xtevrtnye 53 then reaulto when the user- 
supplied- bound' i« 'exceeded by ft factor of five or store! So what is wrong? ‘ ' 

Aii li4AX?<!X * KwiaOrwiblC? Arc tiu> bane Voltages At? iefini'd on the M dTAT22?TC^*’ 
ai* •' 'SYh tCMA?XC f * output cftrt'jo (reb yeetton l.-hb ) r*.«auonai•!*••? Arc 

peak' V0.UiU*«y« for each cncrgtaatioh rbdwcmfelcV An tnenns-iatehev exiS^ir one 
or &nt>&’ o£ thvhe th'rec croae.' 


.§£.* ffi (is) 


. * 
. * 

■ f /_ 

' * 


J} 8 t 5L Prta0l P® 1 atM,ul ® within the time-step loop (©verity 

r s .c«i, * s* so * <s-«o«-. .s e i°ss:s^ 

which Is required « «ii . iwoAtaneouo solution to linear equations 

is made. ^UiiJ is an off thi h !h!i? tt «+ «J«stion-solution module Q n 

*.<*>, with .hoi? B if”? *?* 3CE m/Tr0 

Read these, for a more com»i*»f« a __,<i P 88rir ® < **i ^s beginning of the module*' 

«tn oowpiU.p^JL" £5i*2 Sir u " of th * 0,unlm 

* • < 

, * * ' i 

«trtTif‘Si e iS2J?i!!L^ *”“*•« ««• to t. th«t th. oo.mci.nt 

in choooini thiSirt ????? ?”-^*. *^« r » •">> «»♦ #»r. i, troubl 

tte toi.nno. which 1? Jo ral<mn mab<!r "* 1 * » 

Wlor uoor control, by nccnc tf thr^WTOtSfsraw 18 aotu!,il y 

On~ * 3.M. *,»?, Section 1*62 ), S?' J'™„ ( T *«»* » of 
this usage* !fe» the user taBWi*«*a « 4 +fe r X?* 8 * KPfiOEI, is the tolerance for 
successful ere cut ions? * lth va * y ®» compared with previous 

4 . • ** • 

. * , * ♦ ‘ > 

code^MSsa^sJ^S not kSmio wi * th this 3CE s ^* 

usage by a half dozen utilities. Should 80en “"*“** Respite production, 

the first time* he is SefSitJ^ adS^t? iX'LT^t f 3Sage » *» 

Program Maintenance for further study! ™ th 11110 P^ter output to 


&68§*S* S5 * B0S1 (A6>/ aosg (Ag) ■ 

"SySfMAfrc" 1 * **0^! (SS StSer^JiaLlla* 1 ® 0ttl T 0d 18 8 ^STATISTICS” or 

Section l.Oh ). ®»rbaS * pftraaeter ”»®IEEG« of ' 

has already been solved sad plotted. ^e ^rf^ 66 tem P orari ^ *** to sew) 
the output requests for sStiSicS ovs^iS iW*** P™***»*»e 

* Any pair of legal node names is allowed?n*!S-. labulflt Jo n («*« Section 1.8b ) 

* message) doss no? oo^^ t?^^a S"* < I!®? 1 " *** **»*" <* th0< 

spelling trouble? S lathere 8t *I networic * 18 ***** 

within the alphamawrio field of width six? h **** p08ltlonlng of blmA character© 

i ■ ' . i .’ 

M§*& 56 t mi (M) ' i " ' . . 

auipuS'.^S^ 4 ?;* ”*a? 148,1 -'or nod M c«a*. 

read f^m the datTeaif do!. ^* «b 8S1« which was 

Is there spelling trouble? Or is there tm«hf^°fv. ^ u3er ’ s dtt * a case. - 
character, within the ^IdSfUli!" '“ >aU1<, ° 1 ^ « *> 1 «* ' 


ill 


*h 


?* 

qo 


»« 

*do 


f'H 

qo 


W*pm/tkT (5Et5.6) 


&f%v!Jrl^ t nweber , 5 ti 2 2 y * m * a Jf’*»ta in modulo M sr«£DATA M 
51, riT S S M0B n62 • For a 

.transient and subferansient time constant^ fn*. ^ a03 ^ data contain! 

tor : usual power system SLe th!^i!f *f r fe01h 8X09 lft columns. WO . No, 

• ***d*»*ep. sise* '•SfihjpAT*’ ^fread fm^the^Io^ &11 be * uch la^ea 
;”• . f *°n *h* floating-point «iscallaii £ 







' • * *, i; . * ■ « . »■ 

** . ■. 

data card of Section I.Oh ), Voir skample, UTPP Test Chse #90 is further 
documented In Section 1.62 ,. where it is seen that the smallest of the 
four time constants in question ia the thirdf- and this has a value of .11782 
seconds, which is typically between 100 and 1000 times the normal time-step 
alas* But this factor of ten separation between all time constants and 
"DELTAT" does not hold for ths user’s data, as per the Message 57 printout. 
Whs the user aware of his unusual time, constants (by large—unit power system 
standards)?. This is just a warning! the simulation will continue as requested 
(garbage in, garbage out). 

1 . ; • 

Message 58 { BUS1 (A6) 

The data ease being solved involves TAGS modeling, aa described in 
3 etion 8, , Included is a frequency sensor having name "BUS1 " —- a 

type-50 supplemental device (see Section 0.5*5 ). Recall that this 
device merely detects the time interval between successive zero-crossings 
of the input signal, and reciprocates twice this to give an estimate of th 
instantaneous frequency (whatever that io). Rut the new frequency which has 
just been calculated differs from the old one (calculated at the*preceding 
zero-crossing! or possibly left over from the Initial condition) by at 
least fifty percent. arch drastic changes In frequently are not allowed, 
for they are an indication that the solution is not varying smoothly. 

Possibly there was a spurious zero-crossing due to "hash" or ’ ’’noise", 
and rejection of this latest estimate is baaed on this assumption. Aa stated 
in Section 8.5*5 , "the device will automatically reject higher-frequency 
non-characteristic oscillations appearing on the main signal." Frequency of 
the "main signal" is of course defined by the user as the initial frequency 
which is punched in columns 51-56 „ of the device data card* 


5 


it ssage 59 i HJS1 (A6), Bt (B13.6) 


The data case being solved involves TAGS modeling, as described in 
Section 8. . Included is a transport delay block bearing output name 

"Btfst" a type-55 supplemental device of Section 8.5.5 '« 

Bacall that the delay can be a j ,r 

variable (dynamically-changing) , . • 

quantity, since it is the sum of • k- 

a fixed delay and a named delay. 


Well, this total delay was never 
supposed to exceed the user- 
supplied ’bound ?ff* l!, D1" . But 
it did. The transport delay 
block needs more stor&gdV but 
can not get it (dynamic expansion 
of the tables is not possible at 
this time). The simulation 
will centime, but is' erroneous 
•in that delays arc strictly 
limited to time "D1" . Note 
that only this firet instance of 
such saturation or clipping will 



be noted on the line printer. A 
plot would reveal the full 3tory, 
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**? 9 * 'ttmMtmm** 3 **** **JL* #1 ** t**® 8 * 0 * 1 dtlftjr bloofc bearing the 
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a»9th«*> way, mm# mm than on* 
variable change can be stored with** 
tb* history of the delay f It <*lt |y 
eealar storms* (unlike the fype-53 
block which nee vector storage;, B*e 
lbet change hoe to propagate through 
the delay block and out the ether end 
before a new change is. allowed in the 
front end. Bit this limitation ha# 
not been observed in the user's cnee* 
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It the user aaea Message €0 . 
possibly it ia an indication of 
trouble elsewhere ia the system. that ia,' • 4 

problems elsewhere make for an erroneous input 
signal to the block, which in turn triggers this * 

(SwSTOrAr zt > Sisn*s *l ; * 
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toflffKff M * BUS1 (A6), t (El4.8) ' ., 

or tho^delav h la w*?f * f?n„ ln V a<l ! r .L iK * dyrwmically-changing value • 
K? 11118 aegattva. So aft not to transform this type-53 

Oovioo Into a crystal ball, tha loser bound on the variable delay value 1ft 0*6 
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This moos age is associate with tho t#ay minor loop trajae- v . 
tori#» St* created for a type -96 hystoratic inductor. A atlnor 
loop tr a factory is »poc|f|ed in terms of the major hysteresis , 
l< 36 p>.mS 4 « 8 «ry by cohstrliining how the distance between t!|s tra- 
j ^ctoriss (along a Him of constant current) verIss t as tqpsrtttion 
prpeesds along th minor 'loop. This is shown haloid r\ :; . 
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In this figure the solid line form pb* 1 to the saturation point 


Indicates a minor loop trajectory, which begins at pt. 1 and 

* 

extends out into the saturation region, notice that as S increas s 


from to ^ at , o(^) decreases from 0 X to 0.- This decrease 



There are other instances ‘in which it is known (from A 
knowledge of past behavior of the core) that the minor loop tra- 
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Notice that in the first instance the minor loop joined the 
maj r loop {O(^) becam * ro) right at the saturation point, 
while in the second instance the minor loop joined the major .loop 
at the point (i', ♦ ') * This is all fine. However, consider th 



Suppose pt. 2 was located as shown in the above figure. Following 
the same algorithm as previously used would lead to a function 
D(tji) as shown by the dashed line, Hot ice that now 
which indicates that the minor and major, loop trajectories would 
not intersect until somewhere beyond the saturation point. This 
is impossible,-however, eince beyond the saturation point .there 
is no difference between major and minor loop .trajectories 
(because of the single valued nature of hysteresis in the satura¬ 
te** region)'. In this case a different algorithm is chosen 1 , 

’ I * 

which leads to the trajectory shown as a aolid line. For this 
trajectory the major, and minor loop will intersect right at the 
saturation point. 

• * 

The occurrence of mesage 6? indicates that this last case 
described has occurred, it is anticipated that this c se should 
occur very seldom. Should it occur the r suits obtained may be 
considered as accurate a any other results obtained using type-96 




^8 n 

hyst resis mod ling. Unless you receive this message quit often . 
it may simply be ignored. If however# you do receive this 
m ssage quite often please inform program maintenance. It may be 
n cessary to rethink some aspects o,f th* hysteresis algorithm 
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THE IHITIAL FLUX IS E»4.4- INI T*l tHIflAL CIlRRtNt IS S 14*.* , f*f f*tP SHALL HOW ALTER tHU 
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twi initial flux shall oe take* it the e*tf to is the avcraoe of f*m, which has flux value *«r.r- ■ * 

This message indicates a discontinuity in the solution of a 
problem involving a type- * 

96 hysteretic reactor 
at time zero. It is a 





result of two different 
methods used to model 
the type-96 flux-current 
b havior. During a 

* r * 

steady-state .solution 
the typjf-,96; i% ^represented ♦ 

■ i 

as a linear element# L 

- * V r 

defined by the point 
^steady * ^steady * 

section 1.3i > as shown at right. It is possible for the initial 

f^ux-current point to lie anywhere on the line# even outside of 

the major hysteresis loop# as shown by point a. The difficulty 

arises at time aero when the transient.solution begins. During 

,th transient solution the actoali hysteresis behavior is Modeled# 
* ' ! * 
and. operation outside of the major-loop is never allowed. 

Th ref ore an initial >oiat* calculated by a steady-st te solu¬ 
tion# Which lies outside of th* major loop violates this basic 
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2.2a Connection Discontinuities During Solution 

The closing and/or opening of owl tcheo , of switched elements, and of 
flashover elements Is noted by means of printed messages, as the solution 
proceeds. Such messages thus Interrupt the regular time-step printout of 
solution variables as described in Section 2.2a . The message texts are as 
follows, for the different element types which have such printout. Where 
sample node names are needed, the names "NOSE 1" And "NOSE 2" are used* 
Where a floating-point number is printed, the FORTRAN format specification 
(see Seotion,0,7) is used. 


Ordinary Switch (Section 1»40) 


The message for closure! 

SWITCH ‘NODE 1» TO 'NOSE 2' CLOSED AFTER 


1312.3 


SEC. 


A time of -1.0 seconds .ia used to symbolically indicate a switch which 
has. been closed in the steady-state. 


The message for opening: 

SWITCH ‘NODE V TO ‘NODE 2‘ OPEN AFTER 


[Slavs] 


sec. 
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3witohofl-Induotwice Element (Section 1.4l) 



Messages for opening and olooing Of the saturation branch are 
identical to those for the ordinary switch above. 



Switohod-ftes .is twice Element (3eotion 1.42) 

Messages for opening and'closing of owitched-renistance branch are 
identical to those for the ordinary owltch above. In addition, 
immediately above the opening message, will be found the added 
information concerning energy dissipation: . , 

ENERGY ADSORBED IN SWITCHED RESISTANCE 'NODE 1’ TO 'NODE 2* fsiS.d} 

The printed energy is that dioalpntod during the moat recent 
interval of time that the roc to tance was oomwictoil (the interval 
between closing and opening meoimgee). 


Diode, Valve or TACS-con.trolled Switch (Sections 1.43, 1.44, 1*45) 


i 



Messages for the opening and closing of a type-11, typo-IP, or type-13 
TAGS-cantrolled switch are similar to those for the "Ordinary Switch'* 
junt ilencrihcd. But one difference is thru here ouch metumgea must be 
explicitly requested by the user by the column-? 1 ! parameter "ECHO*'* 

The general form of the message is: 


PlOwf) 
VALVE I 
CAP ( 

switchJ 


1 NODE 1* TO * NODE 2* 



AFTER j K5S3 


ot 

k. I , t ..* e 
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Messages aHsoclated with the firing «nd clearing of a Type-94 modem-styl 
SiC surge arreeter component are similar to those Jfor the ewltched- 
reeietance element described abovei 

ARRESTER 'NODE 1 * TO 'NODE 2* PUSHOVER AT TIME B13.5 SEC. 

ARRESTER «N0DE1* TO ‘HOPE 2* CLEARED AT TIME 813.5 8KC. 

PER UNIT ENERGY DISSIPATED * E14.S 

Tlie third line (energy dissipation) always irnmndlately follows the second llnep 
the firet line may be eepemted from these by conventional time-etep loop 
printout t of course. The per unit wyetem *» unnd In this message for nergy 
diaeipation is explained at tho end of Sect ton 1.34 . 


■ Paeudo-Noniinea v line 1atwin e (Section 1.28) ; ’• 

The same meaange text applies both to flnehover and to opening, with 
only the segment number "XX" differing* 

{ “ " i 

Plaaboveri Segment number XX « JUMP >0 

(ne« oolumna 39-44 of input data card). 
Openings Segment number XX - 0 
The message itself rends as followss 

TYP3-99 N.l», ELEM 'NODE 1* TO 'NODE 2' AT Tw 
SEGMENT XX. 


El 2,4 BEGINS OPERATION ON 








& 










, Nonlinear fteslstanoe (3eotion 1.34) 

As per Section 1.32* the pieoewise-honlinear resistance element 

can only flash over; it is thereafter permanently connected. ; 

The flas hover message reads as follows? 

TYPE-92 NONLINEAR Y-I PROM •NOWS 1* TO f NOD« 2‘ USES AT TUB j *t4.6 | 3B0. 


2• 2 d Printout, of Storage and Rurunn/r-Time Sta ti st.lo g 

At the conotuaion of the solution of each data case, a Half page of printout 
provides a summary of storage and running-time requirements. Refer to the sample 
. output of Section 2.J . In summary, the following will he founds 

, 1. Current program dimensioned limito for all tables. These are 

identified by "Hat number," row by row, as per Section 0.6 . 

2. Actual number of cells of these tables which the current problem 
has used. 


3 . Computer running time for this cat'-. Central processor (CP), «• - 

input-output (I/O), and total (CP * J/o) are all three-printed, for 
each of 5 major subdiviwi one of the program. Sums of these are • * * * * 

also provided, giving the total computer time attributable to 
execution of the case just finished. Yet caution should be need 
to interpreting these figures, due to variations between different . 
computer installations. Some computers may not have a CP figure ‘ 

available, in which case sero contribution for this component will 
generally be observed. 3ee Program Maintenance if there' are questions. 


2.3 Anno tasted Printer and Plotter Output of 'Sample. Test Problem *. * 

The four pages which follow sho-v photo-reduced line printer output and 
Calcomg plots which resulted from th« PXN solution of a sample teat problem* 
Bather than being a meaningful production problem, this case was artificially 
set up- for purposes of this illustrative,, tutorial usage only. * 

vy-.. It should be mentioned that the output shown oamc from solution on BPA*a , 

CDC-650Q, with plotting done 00 an BAX flatbed plotter having a print head. 

. Minor variations in the appearance of the reoults might be expected, were a 
dlff rent computer and different plotter used to solve the data case. 
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So 


re Termiaatior 


why* 


whw0 A the 8 S Sirzszir*™ t< mia r d *•*”****» ° m *«**«»•. situation 

t ! mLnat « e **=ution Qf a data case being solved by means ».:i :* 
° f th “ P 5^ in ^ out Qf ^ f -*PPropriat? error message. A sample is shown below ' ’ 
tov which the following points might be made* r / ; V 

^ !5^m^ C ? DE NUMBKa " ia * wt a characteristic number assigned to the V'S* 
particular error message in question) it has no special significance ' • — 

.. to the user, as auch. Each different error message has auoh a unique 

. number associated with it. unique. , . , 

■ ^ JnjJffiEH” refers to the overlay number within .the tTTPP (from >. i: \ 

’ c^ Ch M b8 preaant **** Vei ' slon *»» been translated) where the errw 

■ conation has been detected. This loom) 1 tee the point of trouble to -V ' " 

:..*■} ■..m.n one of the FORTRAN modules of that overlay: ' 

SSTu«!!^*ta"oSr modux. «w), 

"Mgljno"”)" l “' , * 3 ' t,vo 5' u y (prtMlpml modal* . 

* * u ** - whiota calls all. solution overlays {numbers 1~20). 

Positive integers are associated with overlays whose principal nodules 
1 : ba’J'e names beginning with the four letters *’OVER'* . and which 

T.,Ti th 1? r e ° r tW0 di « ita <* «*' overlay numbed Z SJx., 
overlay 1j> has principal, module "OV ER 13" . " 9 ■ 

Aa generated by %/T trimalatlon of the UTPP, the EMTP onRTRAO to ooOoooa 

1 °: fni 2 r er of lMreaol ”« ^-1? ^J 2 Z? 

Q&sy to th© overlay iu question* 

nea^L 3 noiffi T ??*" ^ t jj e . statement number of a FORTRAN statement 
is^seful £U£i£V the error c edition was detected. This , . • 

coding is renuired^ down prr^rcoA bugs, when reference to the FORTRAN ' 

coatng is required. This statement number should always be uniats • > 

oterlii y ii°^ at0 M th ? sttttement number question (within a*module * 

• ' • „f * 8 °T er ?' ay question), control has then passed through a nearbv 

this^he w?i e °J hlS T Nr in ^ TAT ( 19 ) * Shortlfbefore or * 
TOL » b > ° ° number t /hould also be assigned, to variable 

d ^ figures which follow the error message may not all (or 

’ «ven "any", in extreme cases) be valid. A value of "-9999» win be • 

point of^the 6 ex 3-0 que8tion - la not kno>wa by the EMTP at this ' , 

point of the execution where the decision to kill the case has been made. 

e) ^oTmesS rr the : ’ caa ^ rftOOVG ^" attempt by the EMTP, after the 
error message and case summary statistics have all bo,™ ni . 

the encounter of a “BEGIN nvw m*t m«„ all been completed. Upon 

' ' begin for the fnlieedw^?-*. ^ATA CASE" record, solution would then 
oegxn tor the following data case (if any). See Section 1.0a . 
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4 . POBMITLAS 


The theory behind the TRANSIENTS program is ernlaWrf <„ # * '■ 

Ssct. o.b. pom,. „m t. JUSSiVSJfSlS SSJf“" w . ; 


; a5Ef/ a MuLTrw<tffg *••. 

m, U Sn £"£#££2.“JS2? “ w • «*»**. 

Phases are equal among themself* end au’^mJtu ‘1 ^ CHpa 5 itances ) of all 

are equal among Themselves. • »*ul thesiL^T^ iuif I lf? ' lances (capacitances) 
line in the phase domain u * * wlw if,ducfc ^« ■***!* of a bailee* 
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are .to»ode & J^uu^ " SU J” ^^“JWS program,, phase quantities 

• - - ft i •■‘■'v' 
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has a diagonal matrix T L 1 »», < 

decoupled. mode-' * 1 * that the.mode quantities become 
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It la dafiuad tiy 


"nod a 
*aod# 



. [*] t 

^phiiaa 3 

. [»]-l 

\ 1 

1 ...1 

t UM 

1 M « 1 . 

t 1 

1-m ***i 

* • * # t 

***** 

1 1 

1 • • • 1** , H 


t with It a nuabar of phasaa 


*»• iwaraa traneforoation, 


^ Vda.1 * t 1 3" 1 t * fi haaa3 ♦ 


haa tba mtrl* 


l M phaaa^ * identical for current f 

,|l I I <u I *] J eU*W*»i4k.*two*' t V' '* 
l rsr — "J ta tour 


f-n-l I !• ' , 

IT] * fcj I j -I 

1 * » f» * « 4*1* * 1 •. 


tintlwm ' auA. %*%% Vtilaidjt dfa.*^u«\ 





? 


! t 


i i 



nod* d**flrlM# M»* l'x># Hti 1# p*«Utl *»uJ r*turn through thi 

f murui (ldonlioftl M» **^ ***«#*«•) mt* th* *#eon4, .*.« »-th nod* d**orlb*« 
th« loop oonotaMi* of ibo <t* vmllmUir m4 ***** *** *•»* **oond, ...» M-th 
oonduntoff 


l 

limjAUJiLmliJiuMUjItf- **•*•*•* urn***" «*h» m «*. •-»•»««•. u 

1. 


i, 


t, 


•*.J 


(i*) 



■ W 

. t 

*» 

» 

V-.. J J 


•ml vial aim •» * 4 t •„ f (*-l)*|t 

ViK/M, 

wMro i $ m m; imptdwMMt • , : .f 

•f # » Mutual l i pf i mM . 

■ V * nuRNf of phosM* - . -v ’ 

flit *MMt oquitimui ho 14 for tth# oafooiUnoo aafcilwM, 

•» 


(5b) 


r 

’• * 

¥ 


f 


(5a) 




. °a ■ °a ♦ ••■■'■ 

, *« ' T *' ' .5 4 - *' "T*?*.* ■;• r’, ‘ ■'?*■' *?.' ■ ; , •. ,, V * 1 * 1 *< . r ; 

'• - '■ • •' V. / ' <* .;* .«*:JJ.V- .) V ' .r; 3 . ’ v - ' *1 -• *, I * 1 

( .. * * , ’ f . *y. • * .y**’«?'/*•*.*»i' / , . 'i*• / v» A 1 *‘j ■* 4 . /' ”v . * *•f ,i * • • • f v 

' ' ‘ -\ :>*.#,. ...«J .*mv.v / *>. * \ * ■ ■ .ri-: * V • ^ • 







Sts 


*85- 


\ 4.2 SQMPEB SERIES RESISTANCE IN ^PTC -* 

9Jo pproximate loeees in the lossless tin# reprwssntatioft, the fmsmwn 
program lumps 9/4 at both ends and H/2 at the atddls of the Urns (except 
when line is assumed to be distortionless), shore 

v'V \ .•(*) 

' , ' - ’ . ‘ . f t ' _ ‘ ‘ ' / 

ith 1* * resistance’ per unit length 

I * length of line; • 

A justification for lumping the series resistance fas given bjr 0. Boopyubol and 
C, Calabrese, ‘'Equivalent diafcributed-pRiumeter simulation for transient study 
of a transmission line". # Conference paper, iEEB Bummer poser Meeting, Chicago, 
June i960* The authors lump the resistance at the sending end): it is computed 
from * 


) 


Equivalent * * * 


( R* t \ 


, (?) 


where Z « surge Impedance. 

The line is then treated is lossless as in the TRANSIENTS program. 

Obviously, a from (6) And from (7) are net identical, Since..,. 

. ft*t« Z, one can develop tbs hyperbolic tangent into a series, . v ; 

i3 «/ h»*\S 


|i -1^) + ll(^ t - > 

* * ’ • • .»:, * ‘ 

If only the first term is retained In the ssrisa, then ‘ 

Therefore, K equiTa i iIrt *» approximately the same as R from (6). 
If Z 3joil and H‘t * 12 Jl (typical values*), then 
taunh ^ * 0.0364 - 0.000016 + 


, t*p* 


* « * 


The error by neglecting the third-order, and higher terms is about 0.04& 
which is extremely email. 


These are typical values for the positive-sequence' mode, but not necessarily 
: i representative of the aero sequence, particularly at higher frequencies, 

! ’ Th re fore caution must be exercised in lumping the resistance should Rg 
‘• no longer be small compared with Z , Of course exact representation. : ,, 
h. of the ssro sequence mode 'is now possible using the frequency -dependence. ;**£; 

;. option (see Sectibn 1,27), XX X* . C. . '-Hif ^ ;V.' . ' f :< '"X - 
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let's begin by making It clear what thib section is not about* Bequests‘ 
for graph® of EMTP output variable* onto be included along with the data tase 
which defines and solves the problem of interest (*** Section 1,10 ) ♦ Or, 
such plot requests' can be split off into a eeparaft* follow-up ’•REPI^T*' jeo 
(see Section '1,0d )* Either way, thi* i* batch-etcd* SHT plotting, which is 
not what now coneerne us. 
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5.0A Interactive CRT Plotting 
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More powerful, efficient, and flexible i# inte ractive Off? plotting of 
HMTP output variables. As with the w ftKPI/)S w option, the plotting of a 
previously-solved EWTP data pace la involved, ftU rather than submit the plot 
requests as a pre-defined job, here the user site down before a vector-graphic 
CRT terminal and does hie plotting in real time, Attributes of such interactiv 
CRT plotting include the following* 

-t 

* Speed, . A graph * is produced in seconds* Then too, one is not slowed 
down by a backlog on the conventional plotter (which may be hours, 
typically), 1 

Bata errors are no problem, since they are discovered experimentally .. j 
and can be corrected in seconds* 

The user is not required to know ahead of time what he should be looking for 
or at. A survey of problem performance can be made experimentally, by • . 
trial and error, learning as one loottn, I 

The time scaling can be experimentally adjusted by eye so as to produce' * 
pleasing results Which properly display the phenomena of interest. ; : 

If the user likes what he sees on the screen, a hard copy unit can j 

produce a paper copy in seconds. One also can dispatch plots to [ , : 

the pen-and-ink plotter (although these might not be available for . \ , t 
hours, remember). 
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90 much for the nummary description. interactive CRT plotting of MUf 
results is more fully described in two EMTT memoranda of Ref, 8, Vol. IX The 
10-pagc memo dated November 25, 1974 describe# the concept, and ehowe samples 
of hard-copy output» that dated .January 25, 19.75 provides 13 pages of uajr 
Instructions- for the Interactive CRT plotting procedure as used at BPA, There 
have been a few axtenaiono and reflnomente made since then, but the basic concept 
and format remains intact. An of .July, 1977, the BP A interactive CRT plotting 
program is tied to both a Control beta 6000-SwH.es computer, and also to a 
Tektronix CRT terminal. The program is wnaU (perhaps 1000 FORTRAN cards), 
but is both machine and screen-dependent, 

Interactive CStT plotting hao been a tremendous puocesh with EMIT users at. 
BPA, with porhapn 955*5 of ail BMTP plotting now being done by this means. It 
is only for published papers or final reports that the pen-and-ink plotter 
continues to enjoy regular EMTi? patronage. 



Thtrt in februsry of 1979, .BPA bought a DEC VAX-it/780 computer 
system (see Section Q*5h), end all EMtP usage w 4 as switched from coc 
to this system, The interactive platting'program was then '* 
enhanced n that time (see fcg-page memo of Ref, 8, vol* IX, u May 
1979, pagination PXEP), and is'now about 2400 card* insize; it 
should work successfully with any Tektronix vector-graphic terminal 
which can oe driven by the user's Tektronix PfiOtio plotting package 
(proprietary with Tektronix, though priced very reasonably} most users 
of a Tektronix terminal already nave this). At bpa we still just 
drive a big-screen U9"inch3' 4014 , while Ned in Minneapolis (see • 
Section 0,5a} plot* rdmotely on a cheap, smell-screen 4096 via*a 
300 baud telephone connection to our*VAX, The optional copy ‘command 
of Interactive plotting will dispatch a copy Of what is on the screen = 
to the system plotter only if the’user 'also has a caicemp plotting * 
interface (subroutines , «symb61i h , ‘ •’AXIS'*', etc,). 

It is hoped that the 8PA VAX interactive plotting program may 
soon be available for execution on other computer systems, The'most 
important of these is IBM, of course, Mike Price of Aep was interested 
in converting tut package for use oh the aep ’ibm 3033 , .* so it was 
sent to him on tape'the morning oi March Uth, i9no~* ‘whether this 
might be available when new fehfP versions‘are distributed during the • 
summer of l9*o'can not be predicted at this time (late April, . 

If an ia« user is interested, ail he’can do is ingulrt at the time, ’ 
See Section 0*$b for Mike priced# telephone number.’ 

5.00 ' Portnat of B»T? Hot Data Foinip On «Ltwrr4 ,> ■’ . \ 

The EMIT writes output variables on logical unit number during r : V, 

the solution process (in the ,time-stop loop of overlay number 16)* Before i 

entering the time-step loop (in overlay 15), either two or three records of 
hoftdar information are first outputted* It is the precis® format of this ”IWft54 n .; 
file tdxlch shall now be described, Tor a conventional ( not TACS-only) date cboet 



£A£f1 (t) — 8-character BCD epecificatioa %f tbs date 

. that the solution m generated,' .'it is to be ; '-.S:;'v'..v.. 

printed out ae -XA4'.'•information,' bich might •' ’• ,: - J ' fy'-S 

than look .like . *&/&/%*” . ■ TWjs S»fa* »AI«iAWlimC w -;;:.;|Jy < 

•’ ':bi' v,^. ■" worda are involved,. the me»Je ae^ar''length of .which- 

i'\* .!'•. is’inachina depemient,. See Progwas Stointcnance tor ^ 

details. .•, •. V• 









TCX0CK(2) 8~chfttf*ct»r BCD specification of th woll-c. ? ;<elfc v: 

time #t which the solution was begun* It to 
bo printed out using • 2M format, producing a 
reeult looki-ag oottething lifc* M 13.42.07 M * ' - : . 

. SMTP "ALPHANUMERIC* worts are involved, the 
: • ' ; ; ' mode and/or length of which is machine dependent. > ; :>> 

’!• . See Program Maintenance for details* 

", • mm m mrn m mm' fht number Of A$ SiphiUlUBieriO IMB&eO which 
'■ constitute the end of «hi» first record, for • 

r HW® usage, this is the number of problem nodee. 

Btacrvo — —Che number of type-1 plot variables in the plot 
. file. Bor KK'fP usage, this Is the number of 
node voltage output* of the case in question* ' ? 

, IfUMBCO The number of type-5 plot variables in the i: i 

Plot file, ?t>r BSTP usage, tills is the number % 

' -of branch-current outputs. 

ITC The number of type-0 and trpeig plot variable* , , 

in the plot file, for’hfe usage, this is the 
total number of branch outputs for the solution- 
in question, both branch currents and branch 
voltages, . 

’ * , ’ " t 

( HJS(l), J»t, .NTOT ) ——— A6 alphanumeric names by which 

. plot variable* are identified. For , !.• 

FJdfP usage, this is the complete list 
of network node names (including . , 

ground, which is node number 1, having 
, $ blank characters for its name), 

•' A vector of SMTP h AIJTIAOTMERIC h words is 

, involved, the mode and/or length of which is 
machine dependent* See Program Maintenance 
for details. 

The term. "ALPHANUMERIC" might be documented further,(see definition of 
JDATE1, TCI/OCK, and BUS), By definition, such variables are used to store A6 
, information (e.g., node names). For conventional byte-organized machines like 
IBM, PRIME, VAX, and SEL, such variables are of type REALMS , For most word ’ 
machines like CDC and Honeywell, they are of type INTEGER 



If parameter NUMHVO as read from record number 1 is positive, 
then the Seoond record of header information contains integer numbers 
which Identify each type-1 plot variable in the data file* 

( IBSOUT(l), L»1, R0MNVO ) S \ 

To find the Ad name of the corresponding type-1 variables in the 
output file, these integers are used as Subscripts of array BUS * . 

Ftor EMTP usage, X « iRSOUT(l) . is the nod# dumber of the.I-th 
node-voltage output quantity. The g-cha*adter node name ih BUS(x| , 

Should tiiQ»V9 be s fo/ th afowaSentiohed recoftl is hcadaisisht* ‘ > V 


S&c 


Sp 


If parameter VC as re*d fro* record nw*b«r t is positive, the 
next record to be read specifies integer number* identifying type-6 
tod type-9 plot variable* within the plot 4«ia file* This record has 
content*i 

{ jbiwcr(l), i»i, vc), { jmmaid), ui, vc ) 

Both type-6 and type-9 output variable ere identified by a pair of 
alphanumeric {actually BCDj Afi fonmtf in. any case) names* Corresponding 
Integers from the two Hated array* are need »t* subscripts to array BUS 
in order to obtain the pair of identifying nay.**# 


for eMTP usage, X * XBHSCH(l*j and d » ffilBfCRfr) 
are the terminal node numbers corresponding to the L-th 
output branch quantities. The ^-character node names of 
the ends of the branch in question then are i3U0{l) and 
SCTS(J) . 


1 

B0S<l) 


If HC should be zero, the Just-awn Honed record 
is nonexistent* 


J 

BUS(j) 


Records 


)ata Points of Output Variables 


The preceding header records (two or three in number) are followed 
by records which specify the numerical plot coordinates of all output 


variables. A separate record exists for each time-point 


containing 


not only the time value, but also the corresponding numerical value of 
all output variables: ^- ' 


( YOm(l), 1*1, NUMOUT ) 


KC + NUMVO / 


where 


VOLJl(l) 


f -- ---------- the time in seconds at which all output 

quantities of this record correspond. 

VOLTl(l) —— The numerical value for the 1-th output 

quantity, at time T * Within this 'Output 
vector, * all type-1 variables, (if any) come 
first, followed by all type-8 variables (if ' 
any), followed, by all type-9 variables (if any)* 

These records must occur in order of monotone-increasing time T « 

The termination of plot data points is indicated by a record such 
as the above, having, time coordinate set to T » *9999: This is Just 

a convenient termination flag. 


Sbr EMT? usage, of course type-1 variables are node voltages, type-6 
variables are branch voltages (or powers), and type-9 variables are 
branch currents (or energies). Thus the stated ordering says simply that 
node voltages come first, then branch voltages (or powers), and finally 
branch currents (or energies). • Recall that TAGS variables and dynamic 
synchronous machine variables are treated Just like they were branch currents, 
as far as plotting is concerned-(i.e*, they too are.type-9 variables)*: The 
same is true of the universal machine (U.M.) variables (also type-9 plotting). 
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At for the TACS-only stand-alone. case, the header records have a 
little different Core* The First Header Record is altered in that 
<i«* end of »TAC3JA» definition)* ' * 

a) NTOT Phd huhnvo at* replaced oy ioutcs , which is the 

4 ’* number ?j£ TACS output quantities. . . . 

b) numbco and NC are given values of aero, always, which 
• * means that there art no branch outputs cxype-8'or Type-9 

variables). 


U ;:H 

r ,i m 


c) fiUS(I) node names are replaced by the vector of TAGS 
’ ' output variable names, t aCmUutU), l*Ndxi, NOX2 

The Second Header Record simply Consists of tne ordered positive 
integers i,'2j ...'/IOUTCS . Finally, there is no Third Header 
Record, * " ‘' ‘ ' 




6, TRANSFORMER 


[Sj * (l»] MATRICES 


Typtj 51, 52 , 53 SMTP branch component# of Sect* 1.24 can be used 
for the representation of transformers, excluding nonlinearities. ' 

6.1 Simplified model, Hth real stance neglected 

ii jn i M '» « " ■* *r**+mm mi i mmrn n »+—■— . 4 wr<%•..*>^» 

The cascade connection of ,a generator and transformer (Pig. l) can be 
represented very simply by a voltage source behind a single 3-phase •• 
reactance matrix between nodes 3 and A, if the following conditions are 

“ rt * ^si v u. itadja. / 

. .. ... - j.,. 

1) The voltage source is balanced, Tt$l. Ct*4ta<U ewnaction o? aencnjJtot : v 

. **4. W«few&«r. 

2) the impedances between S and A are balanced (specifically, no j, ". 
switching is allowed between 8 arid a), 

3) . in case of a three-winding transformer, the tertiary winding is < 

either unloaded or has balanced reactances as load, ,: 4 . • 

4 ) no generator currents or currents in tertiary windings are desired 
’ (only current from rest of network into A will be correct), 

5 ) ‘the frequencies in the transient phenomena are not too high (see p. 90). 


Modeling Technique t 

Assume the following data is giveni 


source 


* V.Qllll (subtranoient reactance) 


^source * kV phaae-to-phase 

2 three-winding transformers connected in parallel,' 

W» ra$e*L 2.000 MVA,, with •. 


• x a-b ; 

‘ » 12$ 

X A-T 

« 32# 

Vt 

« 20$ 


b«4*4 »n 


, voltage fating on B-side 1 360 kV *1 „ . 

voltage rating on A-side * 1050 kV J* . .^otransfotmer 

tertiary connected in delta grounded^ neutral 


autotransformer connection with 


Pirtt, tranaform source reactance fco side Ai 
•• X .o»r„.A.* 4 - 81, .(-li) 2 . -36'75 A 


Next, set up well-known equivalent circuit for three-winding transformer * " • 

! V 

with all values referred to side Ai ‘ , -... t ’ :> • , ‘ - ‘ 

c:-.X a*o"/c . x*-m a • -"'Vv-'i-w,';/ 

3 x * k(x +x -x n 1 , 

. • •• v S *A a A-T B~T ; saVjtwWSfc /. 

. l. I(x. x„ T *x. ) W wU 

U A-o jy-T A**T wa kcujla *. 


1 * w**.b> 


W. 

H\JPs, 





88 

Converted to ohms neatt from aide A, end 2 transformer* 


• -A> 


*'.V 


paralleled: 

J-i- £ 


yvrejs. 



. .y. •. ■ . 
■« 'it 


,r ‘ 


, , v*. i,*., 


• * *f • 
• ' ' r * 

;! 1 . ** 




Next, eet up the positive sequence and **ro sequence networks and 



Filially, transform sequence quantities to phase quantities and 
"represent as follows t 




K 

A 



rr^rc^ 


; 1 

r • • r 

’ ^P^ r _ 
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«id 

A (*j\ 

L • ...... **“ 



' mrrrrWP7 7 7 


NeWaae stoct 

•\e aiife A, q,cj. ; !£Sfij2g.W\l • 

\*a ‘Wva ^0jvsA.\pVi * 


%Sl C&U^A. Mu&tyACtt "fPfW!ttj<VAlL 
W 'i ‘X •VA.O^VVX N • • , . . 

rx. x* x„t • • 

Xya X'i Xv* l 

X 1 ** Xs J 




W nlft, 


WkVK I . . . ^ . 

%*Yt vta&OMjyi % % * ^ VKi v 2.X, ) t 
VA«^%i^vvWtt X-y* C.Xfc~X, ^. 




■ I Si 


/•- (in example, X - 64.925 Ji, , X * *4,9Jfo.Y •, 

J ■ ,'•*** . ■*». * ’f '**" / . .... w ; , 
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Hie model described in d*1 is often inadequate, «,g», for oases with low 
voltage aide switching, with faults On the tertiary vide etc* In such 
cases a more detailed model should be used* Hit on# described here ie 
more detailed in that tense, but it I* still epproeimete and only valid 
if 

f) the frequencies in the tiwfwlsHt.s ere not toe high, and 
2) three-phase banks consist of singl#*ptoui« unite* 

A similar model eould alee be developed for three-phase units by twine- > 
forming the equation* of the equivalent circuits in the positive, negative 
and zero sequence (including phase shiftn)to equations in phase quantities. 

1 

’ ••.■ - Oe-pheee two-winding transformer can be t tea ted as. two inductively 
coupled bnmchee with a branch impedance matrix jt£U IRJ ♦ jtotliJl * 

L l< 


VI # h 


Then the transformer ie described by the equation 


1 fi* ’ m „ di,/dt* 

I ,r i I f !J r 

»- -l H J i_ *LM *iji\ 

< *3 *4 * • 


, Hie impedance matrix [r] + JaiElJ is the inverse of the well-known admittance 
matrix which la used in ettody state studies* 


tti.tir’.fty + K>! M 


.4«<* ** «•»-* ***»* 

]*' <*, * h„! 


<*) • 


k ■__i ■ transformer ratio 


«et| •* 1/f| * leakage impedance seen from side t» 
e^ * -i/5^ * aegneUeing impedance Seen from eida.i*; 

■ a ‘r. o :y • *. >'V 

' - -'.i, ’• * /l-w.-,. • r. 



fho tjamwx*- supporting routlns which Is described in Section -*M '' ;, -v> 

obtains the imvAmtn matrix by inverting. the matrix f t J of Be, (a), Q& ■ J [■’ 
:•• sou***. this* matte only If [t J is not singular, which means that-the 

magnetising admittance T w must not be sere# The resulting impediroo® 
motrix can be ueed dtrrotly In the fflTP for representation of a transformer. 

••• •, ^thowt any modifies tio«n amtrioes ( H J and it! art to be punched on 

breach-cards of Type 51, 52, etc# (se# Section 1,24/* ; , 

.» If the magnetising admittance ie Ignored# fee in often done in eteady-etate 

' Syy etiidlea, then [Bj ♦ ie Infinite and only ite inverse 

^ . E^i-uvr ^ \ ■ 

t exists. By Ignoring the resistance, lq, (I) can be re-wrltten ae 

■; ■ [0"U1- klsl. : ,, v 

# . . . i 

*• Bq. (3) obuld alec be used In the TRANSIENTS RROtiHAM, but it would require 

seme modi float lone. Thlo approach was dnsoribed by W. B, Peero, j. a, duvei 
and R. W. Ikmg, "Circuit breaker and transformer modola for the aolutlon of 
wavy propagation.In dletributed-pammeter systems," IEEE Trana., Yol. PAS-90, 
May/June 1971, pp. 1000-1006. «I dp not know how the resistances could or 
ahould be re-introduced in this approach. 1 


•i ! j *' 

* ‘ ‘ 


\> / 1 . 


por 2-winding trana formers, purr out thinking at BPA la that the user should 
always use the saturable transformer component of Section 1.25 , rather than 
ch# imp alamo matrices of the present section. Writing of the present section 
predates development of the "TRANSFORMER” component, which In addition provide* 
for a built-in nonlinearity. Yet, for- some 3-winding configurations, several 
people have observed problems of instability with the "TRANSFORMER” component 
* aa evidenced by the exponential growth of "noise", which eventually 
produces on overflow bomboff by the ay a tom. Until this enigmatic complication 
ia understood and fully controlled, the uoe of £H] end (1] matrices 
for transformer representation will continue to have a place, it is felt# Also# 
for four or more windings, Hermann has pointed out that the "TRANSFORMER** 
representation is not as general in acme ways, and hence not equivalent# 

; . Reott Meyer, Feb# 1977 


6.22. Validity of .transformer models obtained using "XPORMKH** 


Ii . * * 




& •' 


Representing 2- and 3-winding trane fotmers ah coupled Impedances in ! 
form of. impedance matrices is valid aa long as the capacitances between 
'troth winding** to the tank and cortr^fuJ botvnion layer** of windings 
-.'tv•'.be ignored, ibis ia peipiisalblu for moderat e fre quencl en in the transient 
phenomena (1.guess the models aro o.k, up - to about 2 ^ kHs, but this guSSs 
should be substantiated by experts on tranoformers), Urn model Is probably 
'*® cu ^ e sno'Jlfh for switching surge studies, it la not adequate for 
'^-Shtning surge studies and. it may bn (|vumitonable for rrnovory voltage , ‘ ’ * 

' ®tuqiesy Maybe the model can be improved for such eases by adding capacitances 

V ;4 '- *® 0 ®® capacitance data is. available from the tent reports), but this requires-'.,.' 

iavhfitlgatiaii,.Ths_imdequacy for very high frequencies is obvious r : £y, 
?®® a use the capacitances..determine thw behavior of the triirtnfoitnar at very 
W --''' l high - frequenclea since the capaci tive Impodaneea become vorylowand 

W 4W ,^;. la^edanceo. o» h become fory_ 'high v |aiidtherefore‘.n«gli«iHs|»};.^' - 

• p jtif **f/ Katf 


• *• v . • 
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The model fro* M rpORM30R n has one further limitation r It is only valid 
tor jingle-phage tranefoimers, Including three-phase banks made up of, 
single phase units* In general* the model is not c.rrect for three-phase 
units, especially if the zero sequence short-circuit input impedance differ 
from the positive sequence ohort-oircuit input impedance, as in core-fot* 
construction* For shell-form construction the model may be adequate for 
three-phase units, twit this requires further investigation* The user ip 
advised to always consult someone who has had experience with Ef®J? transformer 
modeling, should be have questions* 
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6*23 Accuracy c heck on impedance matrix derived by "XFOHMBB* 


Since the magnetizing impedance is very large compared to the short- ■' 
circuit input impedance, there is always a danger that the short-circuit 
input impedance gets lost in the values of the Impedance matrix* $uch eases 
will be terminated with an. error message * 

» ««, »o NEBtu* r M ’ TmIT* 

K2:!!.• .MS fcSJi- gfcgj 


ADMITTANCE MATRIX TOO CLOSE TO S1NQUUR to Qg INVERTIBLE 

For further questions, consult Program Maintenance. Also, consider the 
representation of Station 1.85 * ( «*WAKSF0RMI3R« ), for which olngularitv 
is no complication. With the saturable transformer component, on infinite 
magnetizing impedance ia perfectly no cep table* 


Vm'> 




6.24 How to use the model in the TRANSIENTS PROGRAM 


branches 
second 

•having type-coded 
t.24). There will be three resistance and 
three inductance (or reactance) values 
be punched, since only the lower tri 
»f | H ) and ( I*) are required* 











■' ♦ '• . ,l ’ " Vi;‘ 


A single-phase 3-winding transformer . 
auet be read as 3 coupled branches with ’I s > 
the same branch type. . ,• 



Rote that it ift assumed that inductances 
are read in the form of reactances »L at 
60 Ha* tr induotariooe are read in mH, 
than the values a»L should be divided by it 
with high accuracy to assure that the short- 
dtrouit Input impedance is not altered too * 
much (remember that this impedance is very 
email compared to X,^ t etc*!). 

The impedance matrix obtained with this 
program is tn physical unite (fl) and not in 
per unit, iha correct turns-ratio io assured. 

'To my knowledge, all users specify the net¬ 
work parwmeta.ro (resistance, indue tone e, 
on pool tarim) tn physical unite. It ie beet 
to specify voltage and current sources in . , 
physical tin tin also to avoid con Tun ions, 
especially whan nonlinear Inductances are 
Included with their yy -i characteristics, 
ftxampiei for a tht'cc-phnan transfonnei' 
bank, made up of single-phase wye-wye-delta 
tmris forms ru with turns mfclo 230/fT ** 'U^/fy * 
3? HV, 1 would specify a source on the 230 kV * 
side «» 

v A * tOOOOO sinMif) volts 
• . m moooo einfatuMso*) volts 

ip* ttJUOOO sln{wt*f-?d0 0 ) volts 

Tlie trone Tonne r would then produce th«_^ , 

correot pwtk voltage to ground of 
kV on the M5 kv side end of 3? f3/ V 3* toim 
the 32-kv '■ : : y/- • 7< : 






': \ 

i , £7, . 


If transformer windings are connected in 
delta and nothing else, such as a line, is 
connected to It, then the delta la "floating.* 
In a floating delta connection, the voltage# 
to ground aw not defined tyt only the voltage* 
across the windings, this lead# to « singular 
matrix with a respective error message t *min« 
ation. Tfoersfon, sither ground ona terminal 
or add ground capacitance*, 





' ■; ; ■*! » r ; y : .< ;• • 

: ’* i- r 1 -:••• 


*, 'V’.N.i* >Vf 

* . ' ■ *?• 

; * ■ * -v ’*M. 

v- 4 -.. • ja . 


<■ ' V. i > 1 ,,. 


'b. M;. . 







terminal 0 grounded 


Hi, WWfc U Nt, 

-L i 



ground Capacitances added' 


6* Saturation 

t . , t « 

The impedance matrix produced by the program does not include saturation, 
effects. I think that saturation can be represented with sufficient 
accuracy by adding a nonlinear induotanee (preferably as "switched inductance") 
across one winding only, aay on the high aide. This nonlinear inductance 
will be in parallel with the uneaturated value of the magnetizing induotanee. 
Examplet If the saturation curve is defined by 3 points at i * 0.03$, 0.06# 
and 0.12# and if 0.03# was used as magnetizing • 

current for finding the impedance matrix, * . ' 

than the value of 0.03# must be subtracted 

ta defining this nonlinear inductance * ? •.. 

(dashed line in Pig.)« X'J raa 

iv 'iwodaR am IwAusi'utvvco H cuR $ U, o», 

'****• mwiVst tu ■ 


See pages 9V*96, 


See pages 97. to 100 • 


0.01 b.0fc <MiY* 






iTrrrr.TAflT SUPPORT ISC tKBTXn 3, 


93* 


•■ - "' r %\ ■ 


SeV9ra l supporting eo* 5 put#r routines ar* tiled in conjunction with the ••’■■ 
Transients Program proper, to generate or modify input data. Writeup® for 
tnese routine® are to be found m the following pages of this section. 

While originally used is separate program*, they have been pulled Into the 
structure of the Transients Program for complete****, 

* f 

To execute any one of these routines in place of any regular Transients 
Program data case (see Sect, 1, definition), on# simply finches the correct 
key word in columns 1 onward of the first non-comment card. This ia as per 
Section I.Og , where the following 8 routine* are available! 

. K» ’ 

"XFORMEft " t« a request for the transformer impedance- 
matrix routine of Section ?.l j 


'• : : ,<}\- 
. i s *•' ! v 

■ :-,V:V’ 

.ir<\ ’ .t 


' 4 


KEYWORD s < "saturation" 


•'WBIOHrim " 


is a request for the magnetic-saturation routine 
of Section 7*2 i it also provides access to the 
magnetic hysteresis-loop generating routine of 
Seotion 7,2a (for use with Type-96 element), 

is a request for the weighting-function routine 
Of Section 7.3 » This is preparation for 

the frequency-dependent representation of » •. 
a mode of the continuously-transposed line 
of Section 1,27 « 


"SEMLTEN 8EPUP" 


M LtKB CONSTANTS'* is a request for the overhead line * 

constants calculation routine of Seotion 
7,4 ♦ Before 1976, this existed as 
a separate entity under the name of "BPA 
line Constants Program" * 

is a request for the routine of Seotion 7,5 > 
which calculates transmission line (or 
cable) parameters which are needed for th 
EMTP modeling of the circuit using Semlyen 
recursive convolution. See "HAUER SETUP" • 

"Af4EIANl SETUP" is a request for the routine of. Section 7,6 « 

. . which calculates transmission lino (orcabl ) 

♦ paraji eters whiah are needed for the EMTP 
modeling of the circuit using Ametani 
plecewise-llnear convolution. « 

"CABLE CONSTANTS" is a request for the routine of Section 7.7 
which calculates resistance, inductance, and 
capacitance matrices for cable systems. 


"HAUER SETUP" 


is a request for the very sophisticated r pl<ao *»** 
for "SEMLYEN SETUP" , 3*a Section 7*8 for detail 


* f • 

Following this request card, data cards applicable to the appropriate routine 
vaee following pages) are to be placed, , : 

• 1 • • *. ; , ' t • •. ’ • 1 • 1 ' 1 i • 




-ttv- 


A L 


: . 


-v Bn »??i° 4 th ?u if ***** d ' a «y * of thee* supporting routines can be 

*** th * computer run, sandwiched in any order among regular V 

(if any); -i 'W : - ; X'h-A V-'^ 


7- *** unt? c 

transients oasaa 


7.1 M XPO BMBR W Boutin# • 




rv.-'.' 


s’ Supporting routine "XPOPKBfi 4 * $$ weed to derive matrices - Jr J end £ 11 
‘ of Section 1.24 # ■ which cm fa’geed to provide • linear representation for 
a single-phase, two or $-»|ndtftg tewesfomtr, card,output of **5 , :K>facsil»* 

•art used aa the branch flard# of Section 1.24 * 


*; •! 



r 


Section 1.2$ describe* th* $MTt saturable "TRANSFORMER" component, which '■ 
provides an SMTP representation for « %mm(om*r with an arbitrary nwa&er of ’■ 
windings. For most usage, the rspreeeh tat ion of Section 1*25 isprefered, 
and usage of the present section will not be required. &»t there are exceptions# 
so read onl 


■' it 



For 2~winding trmnofor&iera, the saturable w TRAN9fOBMER" component of •: 
Section 1.25 is believed to bo equivalent to or better (mors general# end acre 
convenient) than representation by means of matrices In') and ll j '(EMT? 
branchee of type-code 51# $2# etc*)* Hence it in not recommended that supporting 
’ Routine, ‘’XFOHMfSR" be used In the ^-winding on/ e, except in very special oases. 

I 

i 

But numerical instability has been observed in certain cases where 3-wind-ing , 
saturable "TRANS K)BtER" component*} have been uned. This is not in all cases# •• l 
nor even in most cades. But in several cases between 19T5 and 1977, trouble was 
encountered, as further discussed in Section 1,2$ . Hence supporting routine 
•^FORMER" continues to have production application# for 3-winding transformers,' ;• 

• • • *' • ' t’ ' 

Data-Peok Structure for 3-Winding Hoags • - t • 

* 1 " r ' Vrr “ Tl r““-n t *m -ti rvmn,;:- , 'A 

Suppose that the user wants to generate Type 51-53 branch cards for the « ■ * 
BMTP representation of one or more 3-winding single-phase transformers. His. data * 
deck” then will have the following structure! ’ 

1* first, comes a "BEGIN NEW BATA CASE" card (actually optional,. •*'; 
as per Section 1.0a )#. 

« • v . , ' *% 

. . • 2*. Next cornea ah "XF0RMBR" special-request oatd# which serves to 

transfer control to the overlay in question (tfTBF overlay #41), 

Si Next cornea an optional "BRANCH" card (if .any), which names the 
• terminal nodes of the transformer windings for subsequent EMTB usage. 

* • 4. * \ * ■ 1 , - 

,4. Next come four data cards which give electrical parameters of 

the transformer* •, •*'••• 




Repeat the data of Point 3 and Boiiit 4 as many times as desired. 

Each such grouping is a separate data case Within . "XFORMER" , 
corresponding to g different transformer, A blank card terminates these 


If the user wants to shut off the J5MTP at this point (rather than 
execute a following 5WTB data case), he should simply add a 
"BEGIN NEW. BATA CASE" card at this point,, followed by a blank 

card# This is as per Section 1,0b . * ; ’ . 








JBg flBSJfe for Point 


" '13c ' 

^roarer',. ait* ( card ) 




2f the user wants puncbed*<e«rd output <f *tjPWCH M of point 4 'V 

data), then terminal node naan*# mf %e desired. Without euoh v' : ^' . 

lnfom»tiort, the type 51-53 bmnch cards'which will he punched will h&vg ♦ * 

K«M». "WSI-i and »sua*« tfithM J-1« UMU . .^..K 

4 .'.Ti 

. ■ •• '.-Up A !|v'- : k 

!I* r *r S^l 7 i , S ,>h l ,ilBW *»* *WS* H for all tranefonaer ) 

windings by moans of the following card* • ’ . 


S3HH$0? 

KCHrfiCnRdi 

pjRANC^I ■ 

■• 4 b»V») f 


T~ .f 

[s-f 

» T 

s 1 11 ^1 j| 

NrftflfAty* *!’##•# m 

auiit 1 

[ | A&- 

A<p 

Tj&r- 

-***•#.H«wis«6«. 


Wit 

• |«lu, 

i A4. 


* r.* 'irjrti Ttn j-jj f, 

i iTiffc *•»♦. 

1 f|ew)i I : 

4 k..' iw ^ h-*> >«<. 4 wvu. 

tfV.>£ 

Ai 


*** j ****T^ 4 ' M **Wi* u ,-+> 4m'w| 




•:>k;i 


Note that the key word- "BRANCH" .la punched In rntunns 1-6 , Then pairs '* • 

oL^TflZll ?2 Pl ,* d , i0 I th ° khTm wlwUn «^ vV1,h tho high-voltage winding 

'*** 1 °f, th ? printed matrix* iype-51 branch card of the punched 

TVi!r 5o hr^nh r^ 8 J h ® intermedia U-volfcage winding (row 2 of the printed matrix* 
wSdln! Stvf ^• Punched output)| finally there is the low-voltage * 

winding (row 3 of the printed matrix* Type-93 blanch oard of the punched output)* 


*w>’ 

-“V 


.Pbttnat for Point 4' ,"XJOnMER" Data 

For a 3-winding single-phase transformer, the Point 4 m XF 0HMER m ' data 
cons iota of four cards. The first of these has the following format: 





» .< 


m 

(1) 


, , ! 

The number of transformer windings (»3*f as used here). 


%“*“*** ®he transfoimer magnetising: current in percent, cone 1st eat 
U-IO; ; with the base power "PBCUR" , 

• 1 ■ 

PBCtfR — 

(li-20) 




i. 

,r 


Single-phase, base power of the transformer in MVA •• 
for Use with the "CMAQN" specification* • • 

pag; Which controls the possible punching of Type 51-59 
i25*i32j branch cards as output: 

YeO| punch the cards* •>'*• 

No punched card output. . ' , ' 

Pree-format separation and continuation characters "CJ 
CHC0NT ‘ Will be used on all punched cards (see 
sample output to follow, and definition of Section 1,0g6 L 
Of_ course the usage of such charactera must be oohsibterit,.'f:!' 

network ■ nttl dnf * the ^sequent elect rid- . 

network simulation which uses the punched cards# 


V** VQ4 
{: 







t w «« 

T!h*? dixtn is* co!P|.'T*ftf'd by tfcr** additional each of which .has tcna 

Wtoibew punched ’w U, th* following sui-acrt.pt **«>lar is assumed» 

high 'tvlvkffif winding? .. . . 

■ *»£'* ... <r-d J.yir* roltage wind Uijf{ 

» j" law roit**? winding. 

■'•Ihan the three data ■ ct»H« in <|n*«'U.0fl eobtwin t*»# fi»J lowing tnforaationt 


[• V0VT 1 | PV-OSS^i | 

*• ^ ^ 1L . Jj •**«****• *>»»<■» < ■'*•■“.■* ’ C,< *' ‘ f ( I 

j .VOCl* . 1 . PU&S* 13 ( t$>t 1 $ } $ • • j 

j; VOCT 3 j ? -^Z3 | p ^*3 . 

L n ^ lTt r r ^.. t (M^wpee»«»WrtWitT«« 

£10, Oj £10, 0 t E10«0| £1 0»0 


VOLT. 


Voltage rating of winding number w l w * wits 

of HMS kV . 

31nRl«-phR«ft transformer loud loss in kilowatts, 
when transmitting rated power between winding i 
and Winding • ”■}** • • ’ V . • 

Short-circuit topedance of the transformer between 
winding "i" and winding 'V f in «ni+ 8 of P ar oent 
baaed on the power • 

Single-phase base power in MV A , upofa which z ^ C ij 
is based* • . . ‘ 


37 ? 


u ; ,-- • ?* tt \> h 
, : j ■ V >•« , 


S ample ■ "XfOKMER" Data Case . . • . 

Conolder 3-winding w of "XTOBMRR" «o P« «•Sto“o*Bt. 
within . UTPP Test Case M2* This has beer set up as a separate EMTP d » 

for purposes of illustration. A listing of this problem follows* , 


ilp^tcsf'cAse^f 'interior su»c;-:r r»tt«n nmne*, 

••XFOftHER £. 4S-0* ‘ ••"•' © - •'• r*w 

"'* 3^ --mCH " "NAHf - NAM£2 ;*<,rt€3 i#< f* 4 NAM* S- NAME6 *-*w Po^* O. ••• ’ 

; 2 • • • u'Jla- Slit_' _1 ' J3-.3. 1 

':~ ' ' ,66*4 .• "“'56,d" .... 7 '* 6 , I • 

;Bie>vk- c. - i ,u*«. * .4^ ---rrrT"'. 

:-h...;N NfcW Q?.T' CASE 1 * . • > ■•‘4^ • • '• -. • J '•". *?* ■ . 




sse . 

Hfrff’ ’• i.™ printer output zT the solution then ftp*ears as shown below. Koto • •'/.;•' 
th.it -t JjMjr.i- she ;ytuthrt certs is always otiained,' to document the '.. ;<! , i: 

' . ; .nat/»ut (which will.be used in.-.auteer^nt &KT& electric-network. ■ 

■h inr.: j.*4 1 ?or.f<}» ' 11 > ?r»e-fc>nj#t views* of th»i*e -art* should be evident.- ' • , ; 

ft it- over. thet « "w. (%*„> is being for the field-separation character .! 

"Ctja'Aif” , and s +t J i«r sign f 4 '#*') i* r>#*.*««<} for the continuation . 
character '* , 3inc* not redefined in the data case using the - 

"FRKK eOliVAT 1 carp of Settlor. t 4 0*f f this Character •••*,. 

choice ««*' implicit to the MiT h-jin* us HI {*<* d#ft/i*d within system-dependent ./-jS . 
module "tflf.'Uitti' 1 ’ of 'iffy overlay #s.i. ill* w i * ‘'arty' app used for the 
high-precision input of what would' othetwi an.y r4*jo1 re three cards, had the 
fixed-format opeoifUftMou of Action 1,74 h*+i-> ' '• « 4 < 


$ 

‘<8 


— *18*1 mwcnciic nuhsifwfs r'K)',#*r t-a.wau i;a* hi.iaoo 

..JlSfcSO'ii*. . fHTF i.Hf, fit <o j {.*(■ Or frit |.M»i . ,S( » 

~ In OUDiJV Ai Iti HrlAT J'H* fllil i. V* fHi’. t* <K If)') I *»!.„<,, £<!«. n f M •' 
„.i* 0 /MhCMJt usl i.tflfi f'jllo*, W*l- WHfcfn III ■''l 

•-rr- 1 * -,- UL. >. .. >«.. ., >..»«. I« * ’* <| 

. pessrxptivi; iHnwu-Tifr&H or h<c*case o*u < ixiih t,*fi 

.. --- • . ' • * *• 

—rtA^KtR. card pkixeujik. m oma Oast,. . , n -n u*u 

. <;<Rn* ..jr; 

* flt-q'JIAr J MR TRANVWWirR T» 1 Xf nAHOf.-MAffi IX PMTlht t MtfOWf** 

- Ht*Ul“v KANES ttJ/O' orakh LARflS*.- IWARCH /.*>> $ 5 

. HiH OLittl, s «3iivoow *Lfl ,.vjr<o<idr*fl? ij 

- wjro* e s 5 n:f 6.« , .zwars .fc/ar^u i- n> # i 

— WXKa.w. ..^M£»v (< 4 , .fMtiexn i 

haho* *t9uf.*ct i 14 ,t 


i. ** !»t Wh*t¥tUt PQ*E* A0hXHI$TRUTXOH f miUHO^ 
H.tiU*} 4NT PLOTS AH T.H6 $MC PIO^RCS# 

W.R-5 HA RUM. 0AT£D 4ANWARt» 

a if Hie nmeau horos, 

^ f . 9« a j .2 , ..j 1 .t; 1 

i»*Hi t'HtHttO aELOH. AU. AO COlUNllS, CHAMCtEft 11 

5 1 .i». 9 .. . * 

« a o a i 

,i “' ' r ft “iw-eeiw 

——— INTEHIOH SUBCASE TAKEN THftRlft 

‘NAHU 4 HAHfN HANES NANCE 
AM fl ' *' * 

ME* -6.1 ’ «3 t S • 

;■*>** 1 5*i Hd.qB. ‘ • tl 

3.E M*96 ' 4 .. 


- SlrtGtC*PHAU twr^OTNG. TNAH.VOf>HCP* 

. ACROSS rtJtftQiNt; 

<K.7| 

MX^H n<:*eo , KOH TO HAlUUH* 

NJ-OiMN M,vw fit OH TO Um ’ 

,tOH Ue^Q MC^XUH TO LUH 

XHHioANCC NAfWZx AS JU-gylPxo POH T.P* 
A X 

. . ^s**7\sn+M .,. #rorflr4r»o5 

ME OXUft *S&S.Wir<JE~<n * 

tow • -a jc-oi wTa (3s»eat>tfA 


HMGN* • etOdoG CtNJ 

L0*US fHPrfMHCti BAife.0 «/fi‘ 
<xwi 4ff;R otHta, cnvax - 
*,rodL ?«c 

*5 6* d/} Set a uE 7 . XA a ‘Ifi'ti 

. 5>eA0 i X«2GLd UsIEfe. 


HAUO ON . dJeJDQ HE A 


STUur f S iwttHf 
J4 . 




uc 

(r» 


•K" IN OHNir AT THE. HOnER PRtOUENCY) ‘ 
< H X 


• .<sj:/0AAfe*a4 


• MmdaE*0l ♦A9r3S2N€^0S 


output kou.ows chip branch caros)< ■■ 

■' 1 4 r^- 3 S 1 '. t j| ■ - .• ”, 

_ _•/, 0 ^ « ’’ o c a o'. § 

VT^t\ u**ifl ‘. ^sj7i3C7s-K>odt>«a * */,Hdfqnr^^rcIor^TTir , . . 

H«a%m MUMM* C*F>Cl i eJi k /«S^ftAMaf^OS ^ ••*-.- 

5 lk4 u # . WAuc/ a! IZhMABfSt'iAr 4iw t , iKNfOXiPAliBTCfOS f Mr) 

S*&NAHf.£ NAH16 _ •. - - - **S/lN*?ftU«rSf BftP %»£-(r I •/« t Ai*oi#9W4?fcm ^ 

-aESoj8flaxmrNTrt:-roi » * I 

-r.r— -•'': • 

CO^^l'^r. 1 JH& is P iO^ C OF r^ECK^N^flf^Om-U^fll^ ^ 4T * M;KrCB j^WArtfeATMK, Bf Mvewe . 

:«S. '15W“:- .-^«s • • -,• 

rtfiiiJ'hi TO •LOW .,. . To A 1164^2 

-ElIK£Njs f ;-r^nr^TO riVE^rcMAU 'omrj K< * Jh£ STAWTtNti fW«f MU BE fHt IHB6DANCE MATRIX KJTfl AU 

**£*• ' ff lk«<}4rt '"• '■•' 

HEfiriiM ^ * V . Z.r-'V, ... 

McotuH tv . .r»4im> • •• •“,*•• 


* . 


BLANK C* i'fPUNAftNS "*»*.• 'HtR*' OAJfES. 

' ,' t tc tftANSIEK’v tjGHAfl (tNTPl* COC TK 
■•> TI« OF CAY <hK.HIV 

» f?J°, aUOBINt. PRINTOUT m> 

•T LIST LJHCTa . »,■!*, TOTAL LENGTH OY 

•* ■ t« . !■ ’« t . IS f« 

.... .. . , 

ttcsoumirt. antekpxci kfxbfc. gf «H-cAk ikyut yir* 


ELEOTH.0 
OHCGOH, 
if IN d 
.IWilf !<- 
' If- • 


** *•*••****»«• »*.«»<•***. . 
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Section 7,H 



The 3-pnase, 3*1**?# *or**typ# tfansiormer ha* long been recognised 
at a problem for C«lf us#?#, Se»t at th* explanation le contained in 
the fourth end fifth payee of section 1,2*, end that materiel then not 
be repeated here* f-l the u«*r do#* not kne# what a 3-teg tran*former 
Is, refer to the sk*Lehe* and discussion of section i,2S , Supporting 
program "TRElfcG" <mniwonle derived from "three leg") accept* measurement 
and configuration data of the transformer 11 input, and punches EHTP 
branch card* (Type 51,52,,,,} for the transformer a* output, Written 
a* a separate program by Pr» Vladimir Hrdndwajn of Ontario Hydro, it 
was integrated into the EMTP by 8PA during May of 1980* 

■for completeness a'nd perspective, other reference* to the problem 
shall be mentioned. The first Newsletter CROf* 32) mention is in issue 
No, 5, the article entitled "Model of Three-Leg Core Transformer" by 
Vladimir and Russ, Hermann had simultaneously and independently been 
wording on the problem, ever since the 1078 Madison EMTP short course 
(see Ref, 8, Vol, vm, 30 dun* 1978, wage AQVA-JO), Hermann's 
approach, which was based on the EAj f {»5 matrix formulation, is 
• numerically advantageous in cases where magnetising current is low, 
since he avoids the near singularity of the UU,£L5 formulation, see 
his comment* on page 15 of the Just-cited Newsletter, But that intended 
reconciliation of the Vancouver and Toronto codes never took place. 
Because Vladimir had mailed us (at UPA) a punched card deck of his 
routine, and because he had written user instructions, it was this code 
which was frantically massaged and added to the EMTP early in May of 
1980, Whether there win be later .modifications remain* to be. seen. 

As for section 1,25 modeling, I would recommend avoiding the 
"TRANSFORMER THREE phase" option at this time. The big problem fob 
all users has been determination of the aero-sequence reluctance RO 
(there is no supporting program comparable to "TRELEC" for deriving 
this number), BPA never did use this modeling, largely because we can 
count the number of 3-phase transformers out here on the fingers of one 
hand (with several fingers to sparel), and because such transformers 
have not been the subject of recent study interest. Also, the EMTP 
Newsletter article by Vladimir and Russ cast doubt on the validity of 
such .("old") representation, though l remain skeptical of the results 
(there are many ways to get wrong answers out of the EMTP, and not all 
of them can be blamed on defective modeling!)« So, if the user has a 

3-leg unit, use "TRELEG" , and complain to Toronto (not Portland) if . * 

results are less than pleasing! 

So, on to the user instructions. The material Immediately below, 

was written by Vladimir? it was extracted from the first five -pages 

of USER'S INSTRUCTIONS dated duly 24, 1979, The final two page* of 
that memo constituted an example which is no longer applicable due 
to input/output format changes* Instead, I nave appended a current 
("m27 ,t May, 1900) solution of one of Vladimir's numerous test 
cases at the- end. 









USER'S INSTRUCTIONS 


loot 


July 24 1979 


Pot? the program to calculate imped *ttc# matrix of a 

three-legg*d core transformer .•••■.' ■•( 

1.0 ■ 

The effects of * three-legged cor# in a transformer are 
apparent in the different values determined for short-circuit ••_{• 
impedances In positive and zero sequence. These values are 
used by the program to calculate a INxll * iNX3) impedance, 
matrix model (tJ * number of windings on any leg, presently Ns* 
5), it is also possible to use this program to calculate an N 
XN matrix to reptuient >i 41 ogle-legged core, a shell type, or • 
a 5 lag core fct»niformer* in the latter cases, the values of 
the Impedances (an:»rt-circuit and Mgnetljtng) will be equal y 

in both sequences* 

The program accept# data for short-circuit tests performed 
with up to two of the windings connected in delta. This is 
the standard form in which a manufacturer will provide test 
data. 

The data must be inpOt so that, delta connected windings appear 
last. A further, and occasionally conflicting, program 
assumption is that the windings are concentrically located on 
the core, and input in the order from outer to inner winding* 
When windings are not concentric, or when the delta connected 
windings are not innermost on the core, the program provides 
for the user to retain delta connected windings as the last • 
windings, and to provide .the magnetizing impedance of each 
winding. In the absence of any test data, the positive 
sequence magnetizing impedance of windings in per unit can be• 
assumed to increase with increasing diameter, while the zero 
sequence magnetizing impedance decreases* The variation from 
one winding to another will be approximately equal to the 
positive sequence short-circuit reactance between them. It is , 
not believed that this approximation of magnetizing impedances 
has any significant effect on the resulting model, 

2.0 Form of DATA Input , • ’ ' 

■ ' , i . ’ 

Class I ' ' 1 ' ;; '• 

Card #1 . •; 

. . * , . • • ‘ • 

N, ND12LTA, f, SUVA ’ ' • •' i ' 

FORMAT (lx, 212, 2E12.0) . - 

K ■» # of windings ’ . 

NDELTA « I of delta winding .;) 1 

f » frequency In Hz (00 in north America) 

SBVA “ base MVA (3-phaae rating) 

Class II (present only if NDBLTA * 2) 

Card 12 Through 4 (exactly 3 cards) ’ 

‘TPKMR, TFKMX 
FORMAT (IX, 2E12.0) 

TPKMR, TFKMX are real and imaginary parts of Uve positive 
sequence teat between two delta windings. * . 


Card i? 


looc 






0\ 




> 




JOT 

format 
urr - 
delta 


} at w/« wilding fer which astro sequence teat 
winding« eluted it performed. 


with two 


Card 14 


TZKMR, TZKMX 

FORMAT (IX , it* 12.0) 

TZKtm, T’ZKMx ace r**l *nd Uaqinsry par 
teat between wy«* two delta windings 


f a of the tero sequence 

* 



Cla ss Tit 

Card >5 through 1+ .tfidilSrll ♦ 1 !£*«■• ««•• 1,1 th 

% Nnitt/fn ^ 2] 


if HDKfiTA < 2 cards |5 and up becoijw card 12 through card t 

2 4 41 

2 • 
input; T» J, TPR, TPX# TiSR, *fXX t 

FORMAT (IX, 212, 41312*0) 

I!,.! - number a of windings between which the teat haa been • 
coivhirt*vi TPR, TPX - real and Imaginary parte of the positive 

arstiuofu'e test In p*u« . ■ 

tzr, nx - real and Imaginary parts of the *ero sequence test 

in p.u. 

class Hi data haa to be terminated with a blank card* 


C lass I V 

One card specifying the key (RZOtIT) to determine whether the 
output impedance matrix is to be in p»tt« or in ohms* 

K'/.OtJT 

FORMAT (IX, 12) _ _ 

if kzout is zero - output in p.u*# otherwise Impedance matrix 

Is in ohms. 


Clas s V . . * 

Exactly ml cards containing winding number, rated ^ olt *;J!L 0 L % 
the winding, indicator of delta windings and the node names to 
be used by the program in punching the branch impedance cards.. 


J, HWD, VR(J) i H(J), NA(I), N8(I)» HA(ll), NB(Il), MA(I2), MB(12) 

FORMAT (IX, 12, IX, II, IX, 2812*0, 6A6) 
j * winding number (delta windings should si ways .. have . . . the 
highest numbersH . . ■» 

INpp f 0 - for Y windings 

i - for Delta windings 
vh(J) * rated voltage of winding »?* rmo 

R(J) «* dc resistance of winding 4 f u 4 «A 4 nw 

■ na{ x), HB(t),,*. ; - node names fqr phases A,B*C o£ winding «J» 

Class. V data haa to be tyfii;if)ntpf| «Uh « biahk ««♦. 




Card VI 


lood 


NT - key for either reading the magnetixing impedances (XP02> 
XZRkO) -jf v* bindings or for using «n apprr-tixation to 

C * i / J ! 4 f *> i *. r,. k 

FORMAT !U f TJ/>. 

NT '* 1 i.n \h» r >** wh«n *.*gn«t ixing iaspedarces are known for 
each vindfrij, nt. i* is that SP02 and XZERO is 

known only for if * first winding. 

Cj.nnr VTJ 


One or N cards containing i4l»w% for **gr ni * tng impedances in 
positive and /.urn f*«g»u* f«* tf»* fi? «i f*m*n NT*1) or all the 

winding a. 

xpoz f ‘xzr.no 

FORMAT (U, 2K12.M 


Note that wht>n XPOZ *n».i X7. 1 ?(</ m *» *«*•*■•»>» ?*<} t?crH winding they 
should h*? 1 <‘ui.*»r»*d In ord^t .orJ-f><"i * i Mg to t he assigned number 
starting f i tun the lowest *»• i ? *».*> gj y data cards). 

*^jL Wj fcrti lit. 9/>.rtv ■»! ■.»‘IV„ •>... jljUuvJ^, ca//J^ 

■fcW) OttwO** . 


CrM; 


i 


3* 0 Int er pr et :at Ion jut Prt.gr n m' h Ou t put. 


The impedance matr ix produomi My tin- ,?i og»rim is symmetrical and 
is represented by its; lower ti. iontjuiar part only* This portion 
ot the matrix is stored i.n on« , --df..nenfjiotvij, array by using index 
tran.uti > r m a t.ion: 

K * J’fl (1-1} /'l f where !/».? art*'.. in-'!** * e*j for row and column 
number ot the* matrix ei*.»rru*nt * nfvi k •• corresponding index for 
the name element of the matrix An the vector form. In general 
the transformer matrix is in.-,..the following form: 


winding 

wl nrl ing 

winding 

winding 

winding 

***+##« 

winding 

winding 

winding 

winding 


& 1 


a 
* 2 a 

* + * m 


3N 


a 


*lu 


IN t 

# 1 . 

v 

*2. 


#N 


s u 


* 





?J.2 

*1* » «" * 

S 22, 

" 





f IN'* 

* ♦ «* * > 

f » 

* *W, 



i 


"U" 


" M tN 





^.u; ’ 

t * M. » 

* M 2N 

:t !2 

t? 

22 


• 

M IN“ 

»■*#*•* 

» * i ** n 

« » * < A 

* m :in 

s *rN* 

f ft * 

»» * * # 

■ s m 


M ir • 

► * ft 4 * 

' m in 

M u* 

* « * « 

■")M S 

u 

^12* * 



M U • 

* -* 4 x 

.H, N s 

1 2 s 22 


« ♦ ► « 

: «nn m 

i ♦ 1 4 

!H* * 

t a ft t 

* M f 

l * « 4 • 

*■ »ft*# 

IN* * ' 






Sij denotes coupling between windings r and ;t on one leg of 
the transformer and Mij — between winding J on one Jeg and 
winding J on another leg. 










’ •- i AAA ■••-■•. '>f-C" ; -/:.:V/ ••' • •: t > .’;. / ..v;:; v [.•■■'■> 


\iV 1 


f. 

\>* ' • . 


looe ...... 

In arid1 tlon to providing * set of prints answers , the prograoi ,.v\:>>.:\-‘ 

■■ ’ pcochiccft a 9ft of cards to. fee used in the SMTP* The data, ace .•*:._*■• 

•;' punched in * it** format M explained -ift the SMTP User*a ; ' V; 

•'■ Manual* : '. ■•/:'%] 

Titiiaifattf* usatf* Of *mun* t* **»?* br * B<y ? ,„*:?£&?» ■• 

mmu i‘i > mrrn- j f i trf- r f'T 1 ** ■ * "**■ f 11 '-■**.*+•*«**** t i. w ■ «* «■ < f'l'i.'i'JVJWfri rn i--. 

Consider tint *h# 1 in# Printer <?utm eerraspendtng ta a J-pHaae, 
3«ieg, eor**tYPa transfoeanf * , . . . ’ 

«M,CT* 0 *MI.*TK H-f Jl* ,*' l 2 i• U*H *1 » # U''/«*• ttojftwKX* ” 

8 V«« , M!iry{>I-t^fer«kH}» ii 5 K 8 ft '•••:^ 6 }.*.;".<S 3 r ' 8 a» *"t 8 » 58 ' W \i «« 


mil !tf ' *UMi 1 

‘ ' fim 4'»* 


IRotPtkVCl'T M»l IjlHtt* fplVlJ. • - k .. „ 

•' n* n#o *0v0 >« M H # t 

»««**«***+*** 4##e**#*t* ■ #ae#*#**#• 

0 * 09 * 1 ^ 1*9 immiTinirt of l** r 4 f{ »*f* 


*<WU< 10*1'* iMdtO **#S** .WJ t$5« t*4t JO *900 

T ..„ * * ** »* 4496 soa* « ‘a-ao iooo $ i»oo 

mu* -Jt(M Uhl! *m*» MtOlt* KH94* lit 00 «!?!)#"!♦»* *W!$!«8 f? 

, i i i 5 ?_L_L.. 

*♦*#****.«***♦*#**♦**«***********•*•*• •«*•#*•*• ******* 

u 1 « . 1 ... * litA Kiif't I'fikjiA Mti# Alti 1 AAL. I d f* f i i ^ H - 

i i *9, «•* .*», 

( I .♦«»! iff «*»Jl 

1 | ♦«•#«» •» *oM* 


XAft*.CM CA*» OKtUOtftd «».» ojf* <•*«£* „„ 

AlQulSTVOtt TMAXSfiiAhtX' |f.W*HCt'•*ftT*<4K JOtfJOt* 

I ' » d.MW'MH)’ ' »*/40C!)».*tfl 

U3x. j ‘ i (t,rj4«or-ai 

xcsr. J ■ * o.uovofc**? 

7t6*. » 


t 


(MWO*. . 

__ , . 0,U«004*«f 

)(.Ahft CAftO tKPtNO U*f», 

IJlQbr » t 

« zko i i i 

xr.hOtKO, t 9 

> i o.woaoi 

81.AWA CAIIP WtWtilA'i*, 

m •»* » ' 

JltW '» O.t-OOOOC*#* 

XP04. < JU1.H0 • 0,4V41#ft*0? 

ahoa, aaUio » »,»»*7«l+o0 

ILAftA AOOMOINft ttCCOAOa 


0,t*a9«*t00 

O t niooolc».oe 


ft,4T30C*?9 

9,U»*C«#1 


'0*1OOO«*4«» 

o.lua&KHi 

o.llimmi 


V»U*M CA*« f.fcOJH(» Jt| 4 fWH* 9 Mtf> 


!»? 

,134 




1.00* • 


I tv J»t‘ ■' »*-■*' 

tiUftft caW i«01«0 »4l»0t<i44 

t *»«*« »* . 

I «.*J |*4 j 

itym'tAiw *«o AAfthttiim* 


HI0H8 

uaw-' 


»1C0C 

w«c 


uvn»* bU9«' MW"e 

mn «fttUTt8« jtttuimitKjw 


it 


«»••*<*«** »«.CtlU0ftrt CA»«*|MA(i« tllitINO at 0«|t*t fUhCHKJ CAftOSt 
»i. * •*.#*»««*•*«*4x«i**••*■• 

I ' J i i » * t I 

0 0 fl 9 o ® • • • 

* . ^ ^ .. .j... m i oft ^ > j > j 


1) 

*■* 

u 


14 


j /I i <rM A 


*tt 

*U 


# tt?n # n«t{A 




a * 4 Mooo>oogioo0fc‘4«o • 
Or 4 i v* flu do 6i) v 6*> 0 i # 

0.* i 

<?, fl 0000 »t>oa 00 ' 0 fe #06 e 


* 

4 

4 


Etc* 


9,it UlllHHlUdJ iltti 
o.lolfiS'AViJiSSIto* * 

tiitt 

*).Jt»«7494?7'Mfc»04 1 
0,tnm*»«O‘>J6l*0* * 
0*io*4<»?OAOOOO*.»Ol ittfl 
•o.,tt.oaaot)a>)0(M£4ot * • 

0 

t 




r.-v 


«•■ * 


w*»3i90s*s*i'/A«».“«». *o»*****a*»!i;i{- f ?| * 

4*0(r^ou0(J , o6ot)4;400| J tftt* . 

-0,Jii65»S*»*J4«*«t. *0,40»t904iHMt*0j ♦ 
9.aoo#«60oaao«:*»f< •#,*«»muowofc**} #»•♦»*... 
•o.iei-tiAXAiAow.**** a.3»9;n*421»^f«* f 

a,MioooooMaao(t»«i* »»*>* 


• * # J 1 7 \ # 


a..M3«O000«O0#C»OI* 0.30*7*7* 


ItiANK CAHO CHOtltO •tACIiAO* 

cook srottAct riwMl fo« tnwstm s*f* 


uoue at «»»il'iHoicxti: 9 r it? 90 ^?r*vi»l*SI 
‘lilt Hot 4 }' ' itiMti Jr MWI* * . • 


«*?? iofMM* ?*f* PW* 

* M *' «im . - m a 


Here the UlttM fit .«•< ’ o^^L^lLJiSjlt* 4 --■■ bt<rMi * P:" 

« separate listing #f llld**-«#P 4 tMW* M *• p 5 pyW ^ ....».-. 


Sl.HIOHl f 
SJ.WWA .*• 


Iff 


s-l'SV::-' !?!**??* ••• !!•?!?:!!> 




54 .nja»» 


m 


nw6Mh 



iiH! ■■.■£': 



















S*,bOUB | >n 

i 

!?*«*««$# *« 

1 t 

j ' ' 

* 

.♦ 

* . * 

/* t ; ■ f 

i ■ ■ -.•!•'■ ■ : 


;,■* •9,?J)t910}9974E«0li •<j,847320725720e+04 9 

O.fic6c5'jcfl3oi5;£+c0, <'0.2527 743999606+04 « 
*>9.i7SC54H99J4t»0J r •0,%J9850$S?464E+a3 ,,,,, 

C.jO?m421423E'Q$ 8 

8«2*;-SjS5«uCui-Ut# 0,Sl422?l»99i>9E + 04 it,,, 

*4.+iUSft5«y37#I*9i, *0.iGij4222ij«9E + 04 8 
•KU J23C*4ift*>2U-9t» *0.Soi(5O8474&4E+ol 4 
MomuoOUia+va, •9*|oJ79»0S<}00oe+oJ ;#•»«' 

0.4l*8t4t>S2794E+o4 » 
p.t3J7I4540vj6E+Q4 4 

Mli44$Vtf(i&dBB*«t # 0.2 bI7$?04q0O0E+q 1 » MM 
8,<f$0<Ul9V0SO')OA»O8, «9.n04d0000OC4C4OS 9 

*O»9l'»3?O7257206+O4 t 
*9*t0434222iS8yE+o4 it,*, 
t,Q'idGOoibtHjHi*!, 1 },, *9„ U400<k00d044t+o4 c 

* «9*^)ti2«725720E+O4 I 

•4,t74J42im49E4Q4 # M t» 
l,*t!«0<M)y«B7ai*04* 4,i23n)i3>44l£+0$ >, M J 

♦Mmi07?J7'20£+Q4 I 
M*04MM(f44A*«t4| *4»}S41t43iM>S90E+o4 4 
,*4»J/S«i4HMMf.*ej» *#,#09a0$a74«4£+O3 ,,,,, 

• '■ *<M2)}2o725f20E+o4 <• 

9«Qv^40tf89iitf4{.f09» »4 f 232)743vy , J80Eto4 4 

■ . ■ *MdH$')5et4fi4E+ol ,,tn 

4»|97o4¥4'iJ42$E+0$ « 
4aN23ti949S4EVQ4 ,,,,, 
•M0*3422H5»H+o4 * 
♦0a‘»5>6«0687464E+oJ 4 
*tt,loJ79tt(J«OdOOE*Q3 in,, 
#«,Io«J4222iS89£t04 8 
*oaofl«50S’47484e+04 4 
*0,1Q»98044004640) ,,,,, 
0#2lS474<»52?y’4£+o4 f 

O»2o974104o0OOE+*4 


*¥*4«0M7*#f74|.«tt i, 

• »»4M«000044i*fl. 

•0»)J5<J$464«y24f.*<J » 
MM¥6Oi0t)O<>Ot.m, 


*O,J}SOM4fc»'vm+0iI 

Oi044o9440d4ii0lf9^ 

*«#jfm894W7fe*0t# 

7:MM; 


1 



BEGIN NEW DATA CASE 
XfQRMBH 
3 t 60, 

1 2 #0017 

1 3 ,0043 

2 3 #0044 


(npol 


?50,0 

• 13 

• 33 * 

i 2- 


,0057 
,0093 
• 0143 


BLANK CARD ENDING MEASUREMENTS,* 

* i 2 288,3751346 *473 HIGHA MIGHfi 

l -"om* . K fl 

BLANK CAHd'eNOJNG „$$•', ^ TeRT ««*«b 

■■. '3®«-o ,' ■ • i,’-'' • ■ i'V"^ 

’ il'il • ■ 3.13 ■ "'• ;{■ 

■ •. 09,67 . • 1 « 33 ; * : l\ 

BLANK CARO end MAGNETIZING iMPE&ANffe** 1 

Rprrw ^ ARD ending ••Treleg* data cases* ^ - 

begin new data case V- CASES,, 


• Ms 1 

#268 

• us 

HIGHS. 

LOWS 


he^uest hr 

Wb6&* U 

W$""3 *33* 

\ piA^ie^eJ 

\ coU. 3t~1f 


HIGH4T\r« 

LOWC 

TKftTmmiCfttttt 


i., • . j. •;•* 


* ■ ' ■*. 



ruction 7«i 


CONVERT —— A Supporting pregraft designed to convert . 

ftsa t-l saturation curves into peak ’f'-i curves 


Specification for nonlinear 
inductors requires a flu** 
current ( i ) saturation 
curve as per Section 1.3J of the 
User's Manual for the Transient# 
Program. Yet typical tws*- data 
consists of rm» voltage and 
current readings corresponding 
to the configuration shown. With 
impressed sinusoidal voltage* an 
rms reading of the non-ftiriuaqidal 
current into the winding is 
obtained. Program CONVERT is 
.designed to convert from the 
user's rms v-i curve to the t“ i 
curve needed by the Transients 
Program. 


The user inputs his V-i curve 
as a sequence of points, with linear 
interpolation between these values 
assumed. The output -i curve 
ie likewise piecawiae-linear with the 
same number of points 5 it is exact, 
except for approximations 5 . 

1 , The use of linear interpolation 
between points. 


lit) 


Sinusoidal 
voUftga (v* 
sours# . 


W) 



rms current i 


The use of finite-difference approximation to sinusoidal excitation. \ 
One-degree step-size is used, along with trapeSoidal-rule integration 
where .needed. • 4 y\ 

Hysteresis is ignored. yy*y ; yyVy. 


fc. * Each case to be run consists of a miscellaneous-data card* followed by ‘ • 
W cards which supply the (Inns* ^rms^ break-points, followed by a 9599- card, 
A . . blank card should be placed after the last such data case,,to end 

.. execution of program CONVERT » y- ,y... yyy.. • •) y Vy* 


\ .j? jji 













^ c ‘ 


102 


MrU4c. J --1 . -. 1 : 1 Lj£2~iZ2 


?*** 


f . 

.< J 


lESiOi 


EBCEEEEBEBBE^E^EE 


VBASE 


E8.0 




EBASE 


£?.o; 







IPUNCHj KTHIRD 


n-ii8l.-;;f.:iii8a 


FIEQ — rrt<iuen«| at it* la H», 


y ■ 

, . »*.., ■ *• 

■] \v/ i 

‘; v. ^ \U "l' 

, V *• , * 

• *?• ; V> - 


V -i*. If* , 

... --v 


m 


VBASE **— 
PHASE . 
IPUNCH — 


K3HIHD 


' .V i-0 

voiU*e Ift k¥ t «ft which the Input points are based. y-. ’. ” '• ■- 

* Bass power to MV* * m which the input points are based.- *•. 

■ Jailer f«itro3Uij|r to# output of the derived" 

flu*-«urw t him) 

f' . 1 *’ '•. V.’ ^'v \v. ' 

I 0 *4> t#», the sum will b# punched* 

**%» Nu punched output, 

The cards are punched on# point per card, using a 2E16.8 format. ‘ 

f«fL 0 L?J anfe £ idld ** u only first-quadrant output! 

unity will produce both the third and first quadrant points (the full oux*ve); 


'-.^t V v‘i ,4 ‘> l /,’• 

5 1 \ ’ '! 'I , 

1‘ * , .i ■ 

*? V; 

•' * i'i ’’ < 


' It!rtw^fh V fT ) f°. int : ar6 ftSXt ona par as per the fomat below, • 

The curve must be single^] ued ^with^not? loV;l ‘ n S continuously away, 
Tor the origin should be topuHe d r Vatoes ^ {?^ k f; *° point Wo) 
specified base, where Vsluss ate in per unit on the previously- 

Iw ’ PbA "" / Vu -’~ ' ' 'WCp-«- 1 - t rme lamp,) / larap,| 

V rrast kV l/ v baseM‘' 


^rms LP' u *] 


Terminate with a 9999-card. 









' l ^»^ l ' 1 1 -■ ; 1 - 1 trf n } 




t 





•* r> 

S 

W»|s> 

^rsfwl cal . 

-j.4- 


\ 

•f 

4 • 5Ey 

;• j,x,: 

’ * *, 

-1- 



current ve. incremental induet^^^hSJteJiaU, ^ the optlon of toputing a ' 

curJeV?f 10 thlS caae * to covert 2! SJS^e ^ peZ0 } dal of totegmticn 
curve of flux vs. current* , we inductanes curve into the desired output 

"l 


V^U) - y %■= 0 

^ - V, t IlKf U-,1 . . 

J* ( L K*-lk~ 


Af$h '1 
&A: ‘ 


f 


,} . h*2,3 r -.. 









'1 


. y .-. .*. •:.:'>*•'=■-:’’■;■*•• -•• v-* V ••;• .. ’-••••- ■ u/ v? :'■ 

i * ' * , ' , p . * * . ’ '•/ *; * s w, \-V;; M’.' m 1 , '» 

In order to \im this special • • •»; ;* -•/ . ■ *.. VTiV-X 5 -'-•r ,, .TT*T“V' 

1 -v. v>, 

HV-v"; •*'■'!‘*:>f - 

- • .•• * f. - ,V .• r* ‘ . 7 .id . A 


In order to VMM* tWo special 
incino tunes-input the following 

modification of prwcadisg »*l*e matt 
bo observed 1 



. .* • * ;• * ..*♦ • ‘V.i* 

. * 1 K.. .* '!.* :•} «'■ ** i «' v'V*' ‘I 

.fc,.u* - •.•••••■■■>.*,•■??? 

‘ 1 ‘y ‘.‘‘i** $ V V^/Wi vi * 

V-: .«• - ? ,}■’• :*•' f 

• >' . 1 ■ ‘,i ' . b '# ' .? 

■' ‘ V'v4.v'^ 7-;:> 

l»4 


•v .’f-V. 


A • '^ • •* ,* 1 I' * ** i. x ’ 

Hr <rc%$‘ 


1 * JNweh wo nei« *?*;»* 0 t 

column* 1*9 wqtetl to «!,0 • 

Ohio l* the 

flag for tadec lance* Mips*. 

i 

i ••• 9*16) orwl {^)#.« 

j. V . 17-24) blwrik 0 * »tm*h<N Oitft 

! • *«it> if tn* Mjjfj>] 

chonnotoHotin *tU. in 
*• units of omp* And > 

Nonerro totrwn it 

. bo aooliitd root*to by which ]" 
tb* ua*r*o v»lti#«r 

' ‘ *r« to bo mulUpJiod in ortlwr ‘ 

;., to prorluow mpa *md h*»iri *0 »' 

. VflAaB mHiplyii^ fnctor for input oumnt coordinate® 1 

\ ; * multiplying fats tot* for input inductance coordinate 

' / . • * v _ . •; >’« v^; 

3 * 111 * current ve, inoremtnfcal inductance iiliamoterietic ia to be punched * 

, . in columns 1-32 ae per the fallowing formai» terminated by a 9999 -card* ” ' ' 


; i'A 1 . 

i i-: 

■ i ^ V, 


A 

. ‘v*.. 


■ • .1 ■(} 




B3333 


sccr:f= 
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4 «, Bte current breakpoint! i k muet be monotone inoreaeing, otarting ** 
V; r ; with value aero* Incremental inductance valued 1 fc * df’/di at 
current value i » i k nn«t all be poeitire. there also must be 
two or more points defining the characteristic* 


,4 3* Variable "IPUNCH" controls punohed-oard outputs , It might be mentioned 
that the ( 0 * 0 » 0 . 0 ) .■' point of the derived i-'P curve is printed* 

; ’f but is not punched* ?$hi» is because usage with type-99 pseudo-nonlinear 
readtora (Section 1.29) and saturable traneformere (Section 1.25) 
requires that the origin-point be omitted* •„ » 
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SAMPLE PROBLEM , \ 

lhe data listing at the right shows 
bard'images aesociated with the first 
> two of several conversion cases which wsre 
run at the same.time using Program COHVEHlV 
ft aulting EMTP line-printer output is 
displayed on the following page*. V 
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A *Wftln9 tout I m designed to provide the I 

i 

hysteresis loop required by a type-96 element j 

f 

<|l¥#fi tb* type of core material and the aatu- | 


ration *4 lues of flu* end eur&ent. 


fttqulred input data for a typa~96 hysteretic inductor inclu- 
the major loop characteristic Specified in terms of flux and- 
OUrcent ('I'-M. (See Soot ion t*30a} 4 However it is anticipated 
that such tranaformer data, ofton times, will not be available, • 
therefore an attempt will be made here to catalogue the hystere¬ 
sis ehasascter is tics for several common core materials, f 


; This support routine is revested as follower on the first 
card the keyword "SATuwioWV ih punched beginning in column one; 
the next card has the value SO. in the pheq field. The next two 
cards then specify .the necessary input data. 


XWct-ft D... -I ■■ 


tetoTy;fcAirroN 


TFiici IT |: I:"/. IiTT. TT 

f £;$#"•] ^ TfTT : 

ITSFeT.1 ■ T ev £ lT I xpuHch: : 

-~rti trlTas" ;; 1 :XbT'-' 


sax: 










.mps- 


■usm 




•v f » ; 


-• vj r 


1PUNCH 


CURSAT 


103c 

Thi* l* m*4 to -pocifjr th* type of material as f 0 i loif|| 
ITm * 11# Arjcco Kf oriented silicon steel 

level of aoeyieey desired (1# 2, 3# or 4). 
the level of «««ur*cy it epee if lid by the nUber of 
pointi used to define the loop* the specific number of 
point* in *#cb level may. very ftom material to material 
but th* foUwrln^ value* if# $lv#n aa a rough idea: 

iU " ' '• I Of Points ! 

. '• > . ; v *- : . 4-5 . . . • ' 

' ' -:'C ,.io . •••'.; J < 

' * • :" '•••• '• . • '15 ' ' • : • 

• '••••. i - -• ■■'.••• " ■ •.;/ 

'■ W"y- '■ .20-25 ; •• 

'• . . ' •• . . • . .. <?■ •• 

■ .si' .••' . * . ; •'•...•• . ,• .;*• 

. . ■ • • ''-‘fri ' 1". >.• Vi. •’ ' •• t ' ... •' 

' './■ ' V'*:.• 

°" Um spap ! <?' *Wcon«tt»int« should pto»«. to be 
important, level. 3 or 4 -'i* apggested, • ’ ■-, / . . ., 


:’t **• 1 y 


plxsat 


Parameter oontrolling the punched-card output of the 
:..-y drived, flux-ourrent loopi v,’r 4 1 . 

Xee, the curve'Will.be punched • • 

• /.w \ t l Mq punched‘output 1 V. 1 '"•••■ 

; T ^ w **/**«; on* point per card # \u S ing- 

■, .’ ?H26? format, ;.V X .’.'XXX,-/.. ; .• •' 

\ . ’ * .. « * .•, , •!**,.* It 

• • *• .e • :»• / , * ; ■, , •» r , , 

7 -.coordinate 

. . . !*“■ : the .^j ta ?i i the point 

th9 N . qua ^' ,t 

... . ystfirpsls loop changes troe being multivalued to. 

•;;'-:;ai-ngiev4^ued)7 ;:y -.c 

.■- The flujt' oaordlnate 'of"the’--tU«T'i.'-i' ' '• '• ’''’ ••"•Vr- 

ii_• v -“ t J :’ - v ■ •-.. ■ saturation., point 
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Recall that the shape, of the hysteresis loop for an 
,V. * * ndu<? tor depends primarily on the material of the core; . ! ' 

^ While the scaling of thW hysteresis' loop'depends on geometry, 
thi number of turns, and other factors of the actual 
**!."• donitructicm. What is stored lntnls routine Is essentially 
the shape of the loop for the material specified, it is 
necessary for the user to provide the information for the 
>i*V ’('■■■ fctual reactor being specified, which will ailow the correct 
■ 255 x * ng t0 be Performed, This Is the purpose of variables 
:7f ■/ CURsAT and rfaXSAt , • 

•*•••• • / 1 . 

‘i one suggested way of determining values for cursaX and 
i •,?' ! rLXSAT from normal or dc magnetization curves (which seem 
if t® more readily available than hysteresis loop curves) is 
’.vit'. ?* follows! beginning at the right of the normal magnetlz** 

.;* etion curve, in its linear region, a> straight-edge is used to 
{,!■; !.,f extrapolate this line back to the left; the point where this '•* 

■•M‘L wtreidht line and the actual curve first begin to diverge is 
‘ ; j%4. then taken as the saturation point, 

! * f •» * * ■* » * * * 

\ ■ ' • ' ' ■ • ‘ 

Finally a caution seems in order, When determining 
the saturation point, care should be taken to determine- 
r ^ 1 It accurately since any error in determining CURSAT ; 

cause a corresponding error in the width of the 
loop. For example, if the value of CURSAT was chosen - 

•; V. *»- 5 to be a factor of ten too small (which might easily 

, i'\i \$’/'*= y V.: ' ' , • . 

; • ,’i]happen if one failed to notice a change of scale, for 

instance) the width of the loop at flux * 0 would also 
' : ' ' ' 

b* •« factor, of ten too small*. This is « fairly drastic ' 

&*** wo- flux, *but guifce possibly « relatively 

- .Wt tot n ** r >the‘flaturatfLqn Hrefi-on.. • = /\ 


ir - jo; 

it;?# 

'M' 

... wi b 




'It i ;'•?' 4 . 




•i ; ? I i - U ' 4 . . 

!:^VvVv v "*t this point,.if it is desirad tjo f|h« 


loop 1 - for a new hyeteretic reaetox, -the ujser speoriffy new 

' iTYF® t ^WSVEL, 1 PUNCH ,' CURSAT, an,d 


1 ' |ermina^4 ’ hysteresis-curve requests, • £ ^ecpn#,'b'laiwk 

«IKd is 'necessary .to t4ri*in«te all SATURATION easels'# 
car'd t rmi nates anon x is tent following data case. 


U;- ,c,',. „ rv / 

- J-pM- 


■, 
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ARROAT 


A supporting routine designed 
to generate EMTP data parameters 
rueded for the Section 1,32 
modeling of multiphase 2nd 
surge arresters. 


o* Overview; A c cess to supporting Rou tine 

Though in no way related to magnetic saturation* this little 
supporting program has been appended-to the' "SATURA nowv overlay 
(number 42) for reasons of convenience,. The code and user instruction* 
whicij follow below were written by Df* Vladimir Brandwajn of Ontario 
Hydro* supplied to BPA on cards 1 as ^self-contained prograni during 
April of 1980. • ' ' • f -'-U 

1 J ‘ *’ -• * ’ : • • I ' 

Application la to the wulti*ph*se "• Zno modeling of Section 1,32, 
Theve also is some applicability- to' SIC arresters* though dynamic* of 
the gap will not be represented (unlike In Section 1,34), in summary, 
*APRDAt" accepts manufacturer's data for the arrester as input, and 
calculates -parameterr that are required for/the emtp data cards of 
section 1*32 (which are used- to represent such arresters in emtp 
simulations),/ . t ./• 


«*. • 


SATURATION 

i 

77. 


. ! * 


1 


A fee® is to * ARRDAT? 1ft ft — r — fTr-i tt "i —t~ r 

eeqln with a data card Waring the □.3mflifEM3133M3I!!?! 
Key word '’Saturation’* . * follow 
this with a second card having the 
request number FREQ ■ 7 7;o (read 
as E8,o ), see sketch at right. 

Control Is then transferred to 
"ARROAT" * which reads further 
data as described by Vladimir. 


Lok 


[1 


lit:, 


) 

**•* * 


•!•• r 




1 


Numerous cosmetic changes i 
have been made to ’the Toronto 
in adding it to the emtp, 
y;. Thus, while tW arithmetic should 

<^ ona U nbw £ seM d inti!nJ!i # '! t - 0 i prlntout *•¥ b * somewhat different (e.fl„ 

■ iSstructJJSI h2J!!*.images, a« they are read); Tlie user 
instructions have not yet been altered to reflect the new -formats, 


■smv? 


ri 


* user’s Instruction 

for the Program J 

tQ Calculate th e Parameters of Atregters 


,V-sf 



1 * General 


April 14, 1980 


1 u .* t .* ; : 




noln.-£ fit of exponential curves to a «et 

and non .P* fittl " g 18 perfonnad In the log-log plana 

?Utiho™ m Th f quality of the fit (the ?e.ulting 

choice^of number 8 function of the input data and user's 

fittino nro^Saa. l!? P ?"' ntl8 ‘ to be fitted. The 

aanaen.o Pnooedure minimises the error in the leaet-aquare. , 


•Vi- 


J 
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2. F ormat of Data Cards 
2.1 Card »1 



tfEXF 

VREF IPHASE I MULT 

IPRtlNO 

u’ 

in 

E12.0 112 112 

"7 112 


NE3CP--"“-‘—Number of segments (different exponents) to be 

fitted. The choice of this number has to be made by 
r- . ‘ the user. For ZnO and 6?iC, 2 exponents seem to 
i provide an adequate fit, however a larger could be 

used if so required.* The maximum number allowed in 
the fitting program is J7. 

VREF--Reference voltage used to scale the voltage data 

points. The scaling is used to prevent a possible 
overflow during the simulation in the EMI?., 

IPHASE--“♦■——Number' of phases- of the mu^tLphase compensation to 
be used in the EMTP. This number affects only the 
printed and punched output of the program. It can 
npt, however, be left unspecified. 

IM0LT-~——— Minimum # of segments to appear in the output. This 
option allows the user, for example, tc obtain 
. punched cards for 2 exponential segments, as 

presently required toy the FMTp, even if only one 
exponential segment was fitted. Defalut value, if 
unspecified, IMflt/r * 2. 

IPREHO----—Control of diagnostic printout. Suggested values 0 
to 3, Amount of printout increases with the 
assigned values, 

* 
i . 

2*2 Card *2 


ai t 

A2 

A3 

r A 4 

AS 

AMIN 

E12.0 

' E12.0 

""Eli, 

.0 El 2 To' 

Eli.0~ 

E12.0 


Al—- Voltage rating of the* arrester upon which the input data 

are based in volts mis? 

I 

A2~——■The desired voltage rating of the arrester in volts rms. 
This variable can be used to* ’ . 

I ’ /’ 

a) Convert the arrester input data (voltages) from p.u. 
to V (volte); 

A* F 1 

V, ,b) Obtain the characteristic of an electrically'similar 

arrester with a different voltage rating. The 

r • proparties of similar arresters do not change with 

rating, providing a proportional number of blocks is 
used to obtain the new rating. 


* At present, the EMTP assumes the maxim'm number of 2. This 
> limitation, though not a very serious on*', will be removed in 
the future. 








• V , r ' ; • * 

e) If VREF is maintained proportional to A2, similar 

arresters iiave identical parameters at all 

. ..* ratings, 

f • •; > 3 

f “««d in the additional ecaling of voltage 

' ' / minimum ,"£,)%* 

• ■ v v i„. wou •»• , • Thev * iu * to * 

■: A44.--curr.nt multiplier need in obtaining character! . 

• i XITtZl I 1 ,* * ? f columns «««.nt from th^ for 
die tribution^ia^ssumedf* kn0,,n - *" BVa " ™ b 

AS— [* a £,**| n *“}"9 pro 9 rnm t»« existence (or it. 

■ ^ lp« k o1« UOMl dat ‘ d " cribl "9 arrester Wore 


e K 

:-.,k 


It permits the representation of? 


«) 


b) 


* i 

. f ; * 


A5 « 


JEHLlfSeSr;‘ .is^rr - ; 

arresters with series Das«tlv- „ , 
sparkover, the arre**Jr if 1 ? 8 9afc>. Before gap 

thi. data specifies only 

«rw«f° nal daCa ' 9aplMS . 

data w111 be provided, 

i^hunt i SL ai8Sil,,ila *‘* material ir 
snunt gap or a series gap? 

aftS C muL^ h ? ? riginal input data 

AS *^?i’ tip2 ' ying tha voltag s by 
A5, similar material in an 

; , amim w , 8rrMt - a shuJtgap 4 " 

1 AM1 N-—Minimum value of eupfan* w 

c b*racteristic begins Wh E Ch a f2 mant #l of the 
, straight line passing thr«M«> Zv Evan i£ fitting a 

>&v. : MN biank <««>• A o.zT, 2: not i ««*» 

^^^^a^Tl .ter Character, 

ln HEXP ' (a « «« «> group., .. eh t . rainataa 

Cn Z 


t ;/ 


Y'.I 

- f ’ 




<i * 
i « 


1<c*> 

• 

J r 



imr 


_B 

ElT~0 


y ff ’ 00rr ,"P an «n9 <> to. 10n th * arreaber °harecteristic; 

•; B Vaiu. Of th voltage ' 




loos k 

The user has to determine graphically the segm nts of the 
, characteristic, thus establishing" their number as well as iheif 
limits. This can be best done on the log-log jiaper. The 
following two groups of data cards are present'if and only if / 
• the parameter A5 on the data card #2 was less than zero 
(A5<a). 

*• • • B 1 • 

2.4 0ard #1 ';*• 

.. .• ' • ' - ■ . ■ .. j 

NEXP 

TIT" 

NEXP-Number of exponential segments to be fitted. 

Ail the other constants are assumed to be as those specified on 
.-cards #1 -6 #2. 


Is Spec: 


ie Arrester .Characteristic 


These cards are of the same form as those described in section 
2.3. . 


2.4 Termination of Data Case *'/ . 

A blank card is used to terminate the execution. The user can, 
therefore, execute a number of data cases by providing 
additional data sequences as specified in sections 2.1 - 2.5. 
Bach new case follows immediately the blank card terminating 
the data for the last segment of the previous case. 


Consider a single-column ZnO arrester. The voltage points are 
known, for an arrester rated 1 kV (crest), maximum voltage 
characteristic. The currant points are given in A (crest). It 
i» desired to obtain parameters for a 192 kV (rms), 3-column 
arrester with a maximum energy characteristic. The conversion 
•factor to this characteristic is assumed to be ,962. The • . , .. 
.arrester is equipped with a shunt gap and the shunted part, is 
electrically similar to the rest of the arrester. The shunted 
••peri contains 121 additional blocks, - A reference, voltage . 
412500 V was chosen for the expected operating • range of the 
i^phase-'arrester. 


According to the data provided above, the following values ars 
as^igited 1 ''to variables A1-A5? 


Al - '•*» 1. 


th original rating 'gff 'the • af reciter ; .<in ,kv ;(vme),* •, 




the. required r^ting r i.h-y’'. -v V 

scaling .factor for, obtaining ; the desired inaximum , 
'■energy ch•\ract]apistie .■' ’/■; ' tj.] ^ 
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’] , ‘ 

A4 * 3. the original data are given for a single-column • • 

arrester. Factor of 3.0 is need d to obtain th« 

characteristic of a 3-column arrester. V 

• ... , .*#* 

AS • 1.12 Th arrester, b fore sparkover, eohtains 12| 

additional blocks. 




v 


•A standard choice of AMIN is .Q01A , ie, somewhere at the end of 
the leakage current region. 


’ 3.2 Double Exponential Fit 

The characteristic described above is now to be fitted with tv* 
v exponentials, lhe border between the two segments has been 
<a ® t « rn *ined (graphically) to lie between 100A and 200A. 


3•? aoropio E«TP input Data and Punched and Printed Output 

Good new*! Contrary to the advertised warning at the beginning 
of the section, X (wsm) nave decided to be nice and provide current 
program input and output listings.‘ The two preceding examples 
(Sections J,1 and 3.2) are involved, thbugn in'reverse order, built 
into a single emxp data case, the input data listing follow*! ' 


BGCIN new om CASE 
SATURATION 
77, 

2 4X3500, 

.707X07 102000 


3 

• 70710? m0Q0» # 962 3.0 ooi 

C 34567190 j 2345676901234567890133484789012 34587 89012 34567 89012 34167890' 

2.0 l.oai 


3 
3,9 


01 

1,12 


- x- 


8.0 

5,0 

10, 

30, 

50, 

100 , 


1.05S 

'1.0? 

1.08 

1.10 

1,125 

ias 


v > 


SOAKR CARD ENDING CHARACTERISTIC,' 

800 ," ’ ' 1,188 •*-. 

800, li24 

100O, 1,286 

,8000, 'li35 . 

... ? 000 * 1.39 

SfcANK CARD ENDING CHARACTERISTIC, 
1 " 413900, . 


8.0 1.QS* 


8.0 
5,0 
10. 
20 , 

, SO, 

xoo, 

300, 

900, 

1000 , 

21,00, 

3000, 


1.055 

1,07 

1,06 

1,10 

1*125 

las 

1.182 

1,24 

1,288 

1.35 

1.39 


1- •* 

t 

* , > 1 


*«!! &«&'*•*** tm. ; 

CARP EHDXflCVAfcfc EMT? DAfcA CAftCft* ^ 


‘ S t ■<,; 

! i’i’;:- 


1 
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As for output, It begins with the familiar interpreted input r ■ 
data cards, through the blank card which'ends'the second-piece 6* ;r 
the characteristic at 3006* amperes. Then internal printout which 
t ha'enot bothered'to study in detail begins* Finally, there is 
printout of the card images which should be written to the punch 
lUONIlT file) mmmmm cards whicn are to be used in some subsequent 
simulation as data belonging to a multiphase &nQ arrester of 
Section i.35 , ‘ After this, data input begins for the second example 
<the singie«exponehtiai fit). ' As it is somewhat reddndant, only , 
the first three lines'of this output, are displayed. 


orlcpmxv® INTERPRETATION or HEW*CASE INPUT DATA i INPUT DATA CARO IMAGES PRINTED SELOW* ALL 00 COLUMNS* CHARACTER At CHARACTER 

o J o 5 o o o o 


MARKER CARO PRECEDING NEW DATA CAS£, 

RtOUEST POR hACNSTK^AATURATIUN ROUTINE* 
rRCd*tT RCODEtTS I«0 DATA GENERATOR, 

AMKUTER. V. 0.4O&+0$ I ' ft I 
ft A TINf»3. 0*7ffc*0« 0,l9C*0$ o,9$e*o.o 0.30Cm 

Comment card* 

ilsV) POINT.. C.iOOQOaC + Qt 0*IO40OOE+O1 , 

CleVJ POINT* Oil'AOOd.QE+OI O,iO$5O0E?0t 

<X.VJP0m. O.IDOOOOEeOl 0.I0tOOOl>01 
(1*V> POINT. 0,1OO00OE*02 - O.tUTOOOt+Oi 

(IeVi POINT. a#?ODOOOEtOT o.uoooot+oi 

(f#V) POINT, O.$0000.0002 O'. 1mOOStOl 

(t.V> POINT. 0*100000003 0*115000001 

MLANR CARO ENDING U»v) POINTS. 
fX.V) POINT* 0*700OOOfc+O3 O.U8T0OOOI 

Tj,V) POINT* 0*500000003 O.lHOdOOOl 

CT*V) POINT. 0.10QOOOOO4 tt. 11*800**01 

i ix.vj point* o.ioooooooo o.uioaoE+di 

1 (I-YI POINT. 0.3OOOODE+OA O.UTOOOtte^ 

Clank capo endinc a,v) points* * 


iftCCZR REN DATA CASE 
(SATURATION 


4US00, 


\c mmSoiaaissiiJojaj^ 

1 !*» ill,, * 1 . 


(BLANK CARO ENOXHG CHARACTERISTIC, 

i 200. lellt 

I SCO* 1.24 

i use* i.a«d 

t 7000. 1.3$ 

IBLANK CARDANO*** CHARACTERISTIC* 


StOMCNT 
• I 
2 


1 ERROR STATISTICS **•*•♦*♦44 

LOCAL ERROR ACCUMULATED ERROR 
0r$»i«»jpi4or.*oi s.smswiaoehh/ 
0,43ll7lTAS7E«0a 0**170lilRO»E*di 


COMPARISON BETWEEN INpUT 
INPUT.VOUTACE 
/• 4,3?mt asm+Cli 0 

'•/>- t.2USin\Ut*Qt D 

0„27949$B7$$C+0$ 0 

0.262 iOTA'SATE + OA 0 

• *,?*?3U9omm 0 

q,293062U2setOA 0 

O.IOOJ92444U»OS 0 

r O t 30l7SU704E»0A 0 

0. J3 3P014180CtO' 0 

U3344393J74Et0A 0 

C,3‘ 2634A0U : C+C6 • 0 

o.mouomgeo* o 


DATA AND THE RECALCULATED POINTS 
INPUT CURRENT CALCULATED CURRENT AAAAitU 
f JOOOOOOOOOEeOl 0. *$f 7107?3U*0li 

, A 000000 0006*01 0.7 1 Ml$4»l2E*0l 

, l$OOOOOOaOE+«2 O*1344)10U6E*ua , 

.30000000006*01 * 0.2(Ji94704|t403 

.AOOOOOOQOOEeOI 0.4 mil$2S1EtO? 

.ISOOOOOOOOteOA O.i4i922*21OfceOA 

,30000000006*03 0.31J40379$afce0l 

,$0000000006*03 0.A 4007 304-00001 

, i$OOO0C0O0£*04 O.U4Ot4804lE+P4 

.30000000006*04 O.a7i43O3320£*O4 

,40000000006*04 0,3*4$$5930AI>O4 

, 9 o ooooo ooo t* 04 o,i$is.4S44asE4d4 


. : t .7 ^’ 


sfiCESS Xti9UI OAT*.-' HUHIPUCK "*** * ».JUaft&o3O80Et*l 
0*1* AFIIR CdKVKKStOh tO A CO6»t»0<J HiAAE »,*»»«•«**»«,•«,* 
CURRtHT VtH.TA«e 


CURRtHI 

0,477m2S47imJ£+00 

o,'7?»maso3»j644£t08 

«.u»*Qt»ss»omu>«» 

" 9,147712m47l*66E+01 
fl,177*i»m01|16*C+fll 
0, 2t760«m90S868£+0t 
0«2477lil?t471*64£+01 
0,277»i8U5O18164£+01 
. ,.l}740»U»9O$»il£*9t 
O.J4m»7i»47m«*9l 
<Mt7U$m818164£+9X 
• 0,m434180*4mJ£+«t 


wO, 1131*14*8 7 3SS*0.£«90 
• 0 , 1387433064006491+00 
+0.11**30*8134.lt1C+60 
-9,mt*l6tOS474lit+(»0 
+0a*7833080»7il36e.+«0 
•0«**0623436*4979.E-01 
.0.,«4lM34*«074*9K-9l 
*9,76*973H489134t£*0l 
•0,887930*0*73138tt“01 
*0,1*2 ***0.30108* 74 E“01 
•0,18*909*781938468+01 
• 0,6i9*9*#t*02*88*t+4li 
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; tttdedtdpd- ERROR STATISTICS e****ee$M . 
f u 4t«RENT . LOCAL fcRSa* ‘ ‘ ’ACCUMULATED ERROR 

&U> •• 1 \ i ),SB34939740E»0.i' 0,>t38030740.15^01 ■ 

t/ ' y ^ 2 , o,43'UU7$S7Evoa o^saiosusosc^ot 

’ COMPARISON SETMtEN INPUT DA^l AND THE RECALCULATED POZ.NTS 


.. ■ . f " k ; ] >’ J:‘-*'■ 


'... *.*>*'' : « ’ *’ '• “ • r • - 
/V" • ‘•‘■/L ‘ ‘ :> ’ 
'* .'• ’ ‘. y v ' 


A . INPUT VOLTAGE 

' , f 0.3Dfi5 8 3$43E#0$ 

0.204$4$70SVCtH 

"5,/-.. - ; O,.3UOI50n9t+O4 : 

«.«tiii?m{*04 
| . . ,0,3 * * 1396 34*£«96 


inp rfc*»*vy* n 

IhfVT CbftKENT. CAtCHUnt) CyR8£«* , 6t«Uf.»« 

nnAAAnA'nnrihl 1 a Q 11 A"? 71 IT ..0 i • ' * 


0,3000000000c^0l 
0.*OO0OOd000£+91 
9,.is«000i>0006+0* 
' 7.30000.000j80B+ft2 
0,<009000000E+02 
O.lSOOOOOOOOKtOJ 
O*J000d«O800.K+»l 


0,369 77O7ill'£+.01 
O', 71-9 * 1 * 9C+01 
0 ( 1394>lO**6i+«a 
0.2ih94104.»£i02 
0,499**lS2Sl£402 
O,l*l»23.4i7dt+0i 
4,3*»4«479*oe*,i 


ti'K- '•/>. Sj‘a i -’‘i 






;of*;f £ >o rf 

•*: n*? 

0 J ' 5 ’ ? ,1 J ‘- | * ? e« "* 

0 r 3 ? 4 S ' .. / ' * 1 % «■ ' *• 
0*4fr5^^.iCr?>«S-C6 


;M<jmM90®£<*03 
•?oiSe A 0$0aC9£+S* 
o.J0ocja:o»o2«fl4 
<v * 4*3303 so 
o,?ooyoc?cooc'0« 


8t6466?)0$o*g*$& 
9«149G?4H6l£*04- 
9?2fi43a U29E*04 

G«$6756M435C*C4 


Matat'v'c* gy-i^mi CARD-1I?A5£ MSflM Sir U?iX r r«T PUKCMCD £AA90« 

K n«t;« vitom ***»«»• «•«-> oo.* «>iiiuiq«ii <*«*• KWO’flawOuicii «*<,.. 6*«* o«W *>«»« ipi*<tt«» if ea«l» a* «,*«««>•« ft, 

5 1 3 4 I $ | f 

9 J 3 9 0 0 0 § 

*'•*••»* ® <** «*««*«■!• « •**« ••■« •»« »««,« p »»«* m 


fi 

. 'V 


* ,*> 
5? 1 


«*I*G 
4 

I 

1 
x 

? 

2 
2 

2 
3 

1 
3 


'9::oc»:o v-mugt ® o.wooe* 


*S;LT??US? 
e»9’3»3S*ti:t49 
Sp*i3fc8n8£ + 05 

0.5QS56473E+O1 
0*132767iSE+05 

3.57SB5:,4iJ>C9 

o,ei2fcau8r.+05 

- ??9? 

9.505>S459E>07 

9#12?767l^£+0S 

- 5999 

0.3’3*554;e>Qf 
0* if * 3fr?liBEt0a 

>999 

ft,t»05SV479£*G? 

a*n?/$7i5f:«K6 

99;? 


r\?CifErfT 

9,464im7«>02 

0’.i667?$?CUfO3 

e*4f»4l??*?£>02 

0 t 46'U9997*>0J 

0,i6fe?759OE+O2 

0,4MJ?9?7EeO2 

0,i$*7?*m*O2 

o<uAi9rr?*in 

O.U677a9m<>3 

U,464im7E+03 

0 # i6*7?59gt+02 


00 2*MUUr a ^30999R*Cii 

VMXM* * * 

Q.g649$>m£*00 
Cptsssjsjc-ei-oo 

0.&427540SIXJ& 

0.aU74#O2EtOO 


GAPPED 


‘>.$64mO0£e<M> 

0.72-9239;OC40o 

0 a 632734®8£>00 

0,3i474*’02£i00 

0.96495900C+0C 
0,729X3910**00 

0,632794O?£*00 
0,m7«**9a£*60 


A-RESTER, i 0,4iK*0« 

iUfVRtfi, 0 « 7l£*O0 O.iOCt-OO 

ccfl^t.sr ^rd. 


‘3 2 

0.9$E+00 


% 

rJOfieOi 


a 

P 70?107 


4*3WO« 

202000, 


3 

,0*2 


» 

»,0 


01 

*2? 


ic i«^»»«iaa*e*7i«*r»j4M>jW|»j«<y*»ojai«*7f*«ui«STj#6«a34#*7M#‘ 


Finally, consider tins way execution of this routine ends- Shown 

«•«»• *•»ss «„«“; M £;r 

the familiar sumJLSv*^!?«.f!L??* d i t * c ***» After two blanK cards, 
cne fcnmar summary statistics of database termination app art 


0. Ji3t707ft2Ee02 0*4^468225g^(io 


I 0 t S?4O57C4£+04 

i «»sf.a.sMososoem 

* ^ JS44C * flrf 0,54mo*4EtOO 


f 


.HANK CABO CRD5 ARRESTER CASES, 

&*A*R CARO TERMXRATIAC Ati SATURATION CASES, 


f°w Mr°?i 5E !^ m r9s ?«£C10I«(; 3’ATA EA&C-AM CORR"‘TEiS 

A ,A-.l or IWZCATCf . persuLt. «tH AO rmos IrtttSLcT 


5^0 ewim c*se«, 

,4GAtf.. MAYllftftftflM* 


-■-V L!5T i, 

At- ^I5T 2„ 

' «t list i. 

Sis t>J 3J 4, 

SX2-- LUX «, 

*XXS WJiX 4, 

3XiE L33T 7, 

Ult List ?; 

««Lit 1?:. sTiS’i? c^cww 

£i‘! :?• •»«»«* 5r 5#m? C A 5 v 55iRS!^f««m»SR 

3 + 4w 13, fiG 

w»m w ztiu Ysli t^n;^ll^ rSt ^ 7 

P * ' ‘ Nl“lLit??1! P w?5 ^tUMWUAMOcr, 

^i-.-AL^TAiL iiii*V.itArw sMSStw«" 


•« . ^ i , v 

ku*6c* or hErwr^K sooe^i, 

HyuLzn or searches, 

5S55I5 ^ ?k;,;; ,, v' s is a ' “»« 

AVnSsrr enP* 18,5 2,< 5 ^JRC« * 

SsKTcJVa'irj.iSg’.iKr’ - 

*“r*5s or ?isr i p 1 l"S” I ^jr. S r» C 3 ^'!* , * M 't-mwasa. 




!«»m Sr ISm? SSwrm^^SjS??^ 0 ?!*?* fww.' 

isxsg s:- OTsr SST' ^ 

AUf'SER or CEUS USES fOR*C*?OHE«?AL-t? U ^f'ni "MM*™** tlMmim*?- 

Sfgs«asS^*** • ., ■ 

■ ’ ’.■■•"" >mtm 


*«r u'it U, 
s;:e s.fsr is. 
mt lisi.u, 

52J£ UI.J7 i7 t 
5HC SL-JST 14, 
Xi?C vIST 19, 
USE US' jo. 
iijxr LIU 3U 
{ -E L/ST 22, 
Ai.Tu 'tit 21, 
»’■>.£ -m 74. 
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8500 
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y^o 
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V/U >100 

•i/a.4«c 
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•ft.C'iAM 
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■i . the Illustrative documentation., 2 display a listing 

WSll f h *® T * wrl ^ # ft'On. the LUN2Y7 Note^ 

* r * two »«*•!•tod groupings, corresponding to the 
two subcases that were buried in the SMTP data ease) ,. 


M'i' 

■%&&.; 1 v 
-•« >«.* • •. 

tJ.' ••■ 


•; ;!‘i ’ 

iXv" '.’i 


I ZPHAlE " l,2<> 2uL?tDf?rS VtT * # i!i aoo * + ®* *•"«&* « 0.30000E+01 SAPPED 
r fWlTUMC* EXPONENT VMIN 

I 0,4S419P9?E+Oa 0.96495900E+80 

° 0.164775908403 0,74923930*400 

. } «.«jmm+03 o,6J2754Q8E400 

• * " ®ti2476)15E+08 0,i*677590E+02 0,81814302*400 

MSP ' ' . 

I 2*?H!5??i E * 0 ! 0«444i9997E+O3 0,86495.900*400 

3 S,8t2APUgE+0S 0.16471590*403 0.1292343OE+OO 

t ., ?9Sr? ’ . * % 

: l’v- '. i 0,46419997E+pjr p,«|27S«9mse 

*., * 0.1227671SE+0S 0,16677890*403 O,8l674BO2E+00 

; •.;! • 4999 .... ... 

? 0.9736S54JE+09 0,46419997**03 0.56495900E+00 

I 0,91268110E4OS 0,16677590*402 0,73921930*400 

9999 ' ...... .... 

!' ; .V . I 2*?25!!j 79K *°I ••J9414497E+02 0.63279408E+00 

' -J * ®‘2222 47lSE ? 0 * O»t4477$90S4o2 0,6lS?48O3E4OO 

C ZPHA6E -a,S<) 2m , t2«, * 0 :!2H° B 1 00 * m *W * 0. JOO90?49» SAPPED 

C ZPHA8* NVfctJPfcZER EAPONENt YHIH 

} ft*2!225I2i! 9 2! S’!! 9 ;! 0263 ** 0 * 0,48465?35E+0D 

1 O,49A05704E+04 0,26930263*402 0,4i665238E4o® 

: * * • * • • 

J D.3DSI0262E+02 0,948050646*00 

1 0.30930263**02 0.3450S064E+00 - 

>99? * . 

■ 2 ®*2<»3036aE+02 0.49668238E+00 ^ ‘ ; ; 

' 0 949» 9 ^°^ B+0 " 0,36930263*402 0.4B668235E400 > • 

2 2*22i!22il5^5 »*2«»036aE+02 0,54605064*400. 

■ ®’^| 9044 *t O! * 0.26830363**02 0,54905064**00 

ii\-- J 

V * 94D4808704C40I 0,26830262*402 0,48665235**00 


9999. 

I 0,29479844**06 
3 0,39479444*404 
9449 ... 


0,26830262**02 O,54B'09O64**O0 

0*?Mm82Et0a 0,548080846430 






WEIGHT 


A supporting program used, to calculate weighting"! : 
functions a x (t) anti a 2 (t) for use in the BPA J 
Electromagnetic Transients Program. 1 

.V" .iin^ni i uMmmmpJ 


- As P 9 ** Sac tion l,2Sb of the » User*a Manual 
' fmotS en ^(tf r %rj£«1 n ‘ knowledge of certain weighting 
;: of the tran^ssienin? Lf” J^m. (S,merally ke enly) 

• , C0 " 3tant * * H W, Ufii, f. f *“?£ frequency-dependent line 

r and then punches the results nn aL! 3 ^® 8 the necessary weighting functions 
^•transients program? r& *' xXts on ***** which can be directly read in by the * 

* V 

(earth-return) mode ^further la only u8ed 'for the zero-sequence 

v°£.J5? lo S io of WEIGHT for otheT^tmtllnTtl^ r ®? ist ^ vity * «eliabiUty 

■ modifications for Such use. tlons is questionable, and would require * 

Of weiStSnu^ioS 0 ^,^; m'TT 1 ” slaUvi ‘y. tto calculation 

WEIGHT ia thu, u.ad to bild .TL 1, T »“• Pro S^ 

tinder study. rd file of weighting functions for lines 


■done by inverse Fourier tranSf^atS^^ dfl nhS ^ putted U* 1 * constants is 
Program User's Manual. See that Daoer"^! deScri ? e<J ^ ^f. 3 of the Transients 
involved. 090 that paperfor *n explanation of terms and procedures 

1HPUT DATA 

■ • * . 

™.t 'pScMe h tS n ^. b S.?S^ S ^ ^ f ^«lldheo U a data parameter 
turn terminated by . biankf.rd. AneS wff ?' R “d I, , which are 
Ox all such data sets, to turn the prograsf ° ard is re< l uir8d at the end 


•!' «T•Jsk'JS ■■ •*• ".I- 5 .i": •>'. ■ "<:*■%:&-J ;V ‘ :-V- 1 ' /.• ! -V ” V 7 <•; 7 >\ - «■?'•’ 

’*»*■»* and 9f ki m wiwstimmm $*& 3^ 

yl- Sillj, : : Wmax• ttMAk-IjHziwjF 1: bTf^n:mA^:ll-Axisl 


E8.0 

Vi'i . . m m mmmX .. 

.»& Xi- ■ *•, •. ■ ■ . 


e^o ; • • e t.64 ; ;‘ial ; f e i i E \£¥*;& f.£t.o 


2. :. V -• 

I ’,%t ;* 

I ' 


*.»{> 

;4J 


^ ( "2 s *" •? "««* ) «• to ub. gMMtJT 

7? 0 «p^4rS h i2^o*^JS2 t ® ^ ^ , BU *' fc *• punched nonsero, unless "IiSTB OORSTAKTS" 

4:, • °! .,..22? Sn^i ,. .? “* i L < * b, i*y "**M° *»• "raonnro" <uu cm, 

;•? (-fyi : ® nali »• described later. fheee two parameters «ni f 

•■i ; 6' *'/,)•' ••. .... . ‘ . • 

Dl^x^ length of i& (itt unit# conwistent with R and fcV 

jliJ.’•: v , • ' CAP Mode capacitance (in aitrofarads / inilt• length ). 

Can l*ft blank# if default values ate aeeeptable. ';v 

f? Jb® J vtluee shown below in parentheses will be used in such a ease. 

■>f ««anin4 of the renaining partuawtere is ae followst 

.! • * * 

V ' ‘ T‘>** i _ • m...^ a.... ^ \ 


H35B3HS 

NPOIMT 4 

: 

Hmum 

»^aslam 
NSCAlie : 

'i'k^tNp. 

• 4 • 

stfeafeiataia 

TtMuifck 4 : ■ ■ MP.LOT 

1MCAT ’ 

|:Vl¥!*i 

- 1 /A . ’ » 

18 - 

... < 


-Ml- 

R^ : R' f iSfrl r l -lS j | i 

^ 18. 

i 


I. <yi, V • fomdur irwitfom over ia 

!• ^vrvjJjV.. ‘ U; . O' 

; ’v Wl^rtWkUy io- J ' •e«»/4ia Where iV * *m**40/£ 4 

y* r *r this a V - » *rnm**L ^ •*,*_!i.' . •. / 


rniftmoally to- J t##teiia Whore iV • WKWt^O> 

i-j 1 v‘*.. j* ■•■ • ■ ^ :'•>* 1 v? # * 

■; ’ RHAX v^Th# number of travel tiaes of the line over which the weighting 

\ v5) functione ere to be eonpitted. 


i *'• ^ '!. 


& ’ /, JISK^ Th# ^w«ju«ic|r in fls need for inverse Fourier tranaforisetion > 

li'^rC^OOOOOO-)-.; on the infinite Use (to produce e 2 {t) for : 

;.d* 1 ■ '* v ’ • • .* ’ < ' . 

^ P 1 * f ««tnf bgr which we periodicelijr increase At dicing the V 

inverse Fourier transformation on the infinite line. Knemonically. 

- M.--; .r:'' -the *dt rstlo 1 *. ’ '* * 

^ * ¥ * *i J, 1 • J ^ / 1 Jl * ,# ^ 1 * 

$* ********’ «»«• to*, 1‘WEjKl/ we integrate with ; '!'> k 

Y^tiBbU 9t9p MUi m* Sdili;to mi tinet the freqjaeaey '■■'• 

the defining lid* 6on#tSnta aroUftd-the value in • * f • r 
: f > . <Jtte«ti<». Here CliFlsi the. h^iftnM.SUp idM used fer-the •■ •• 

H&S&3 V;;T ye * t ® f P 1 * i«ie^ileo (equil to mx.Atyf' Jfflffle . >;, . ; •*, ^.;;.' v 

: ***14 tiee<4 only if thi user wants gbit'll - Rtfe later mcUm* 

. Vv'.r ; •> , v ' - .. v .f :"’: •• -.f-.?-,■-• -ft 

'%! — Tb* nwriber of points on the fr^enoy eai uifrtl 

' (2000) integration (not tbuntlng the apecial treatment, ua*in| variable ••;*. ■ 

Stwp aiM SMT tiro frequency). ;. ,.f-;v v- ',• . • ..* ;•^••% ', ~l r 

- " • ' ' ' '■: 1 

. r -:x-#; -v^;^ u 


' 1 ' * . 

■.<• ’; . K f v ; 

, . ••". ,1 j .■ 

• 1 ;• ft; 

.. **,'*. i f ‘>\5, 4 / 

’ ‘ iJ r '.'J? ' •‘Vl. i A V\ 








V- 

I ■ * 1 ,J 

r 


; . V. . 

' ,) * V*V 
, & + 


; S***; 

• 4> f • 

Kv 


..iv. ■* 


.l ! i - 
1 . \* 

»' * 


•MNUM 

(50) 


NSCAIE 

( 10 ) 

NPINF' 

( 100 ) 

IPUNCH 

( 0 ) 


105 a 

The finite-line response for t > > 
time increments Av , where . 3&X 9 
of the line at infinite fr quency). 


is calculated at regular 
7"/MNUM ( 7* “ travel time 




*The number of times that At is periodically increased by 
factor DTHAT when working on the infinite-line response. . 

The total number of time points calculated for the infinite 
line. These points are used for a 2 (t) over the range XKdfti 

A control parameter for punched-card output' of the weighting 
functions a^(t) and a 2 (t) . 

0 ■=sj> yes, punch the deck 
1 s=sj> no punching. 
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IT All 

( 0 ) 


"tail correction" to 


{ 


’» : 

* - y' r - :■ 
r ’ 

* . *„ *Vv . 

c , V1 , •».. • 

*'' \ / i . • 




A flag which indicates whether or not a 
the weighting, functions is desired t 

0 NO tail correction < 

^ i 

1 ss^ tea, correct the tails 

The tail-correction prooess scales the tails of a^(t) and , ej>( 4 ) 
so that the total area under each weighting function will exactly 
equal the known theoretical limit which ie given in equation 02) _ 

of Raf.rence 3. Wh.th.r Olio i. rwlljr «B iBprowwnt la irtataMJ. 
Hie resulting wighting funotloaa oil! b. aiaoontteuoua at th. point 
where the tail begins* At present (July, 1977), this is Justs an , 
experimental idea which is being evaluated for short lines , 
(typically 10 miles) which otherwise have problems. This 
tail-correction usage ie not recommended for general use at this . 
time, and certainly not for the, inexperienced user. 


if 


MPLOT 

ICAT 


) 


Fields employed only If plotted output is desired. See later section* 




After the above two miscellaneous data cards, J®** 4 **** 11 * 4 J .JJJ* * J*. 

line constants cards are to appear. Terminated by a bly* card, 
have the following format, and are to appear in order of increasing frequency* 


&B333BSSSBSBBSSH 


- T.;*r. 'i 




Rtn/> 1 


• ^ *, », *r r.* 

Elfe.O; 


- 'f* • ‘ 
. :: -\1 T ), 
y a- 

’ ' v-V-* • *’• 
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. t 1-4. -tj 
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■; -1-V E.1 i 

i * * ' ‘ ' * ' , .... 
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'll 
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I T J 
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Liiltl 




Modal resistance, in ohms. per unit length (consistent with 
Modal inductance, in millihenries per unit length) 
..frequent^'%ftf* 


* 

A 
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Aa for tha Input of line constant., aareral points deserve mention. 


1. 


• t 1 l 


J TTZtL t rS, ,,nl !;, of C°Wl*ngthJ , while indue We L 
?JLJS CmH/length J . 5 he units for length must of course 

Jf”! Si & J\ 1B £!f d f0r mr * able mi (colw 1-8 of the 
first data card). Frequency, f , is in units of t.H* ] . 


Cards must be inputted in order of increasing frequencies f 


i * 


logarithmic (geometric) spacing of the frequency .points t A is 
gen,eraily most convenient, with 4 points per decade {giving rise to 
points like 1.0, 1.78, 3.16, 9.62, 10.0, etc.) being typical. 


Starting at 


fj m 0.1 H* 


« . r, 

Y* ’ i-^Y 


•and going through final frequency f =. iq? 

Such spacing is 


4. 


tJ 


Hs then would require 33 points (33 input cards), 
recommended for noraal production runs. 

5zi»" ,Ue md *"$£1 i h !n l 5°T„‘;° Rit8nt9 ah ° vaa «"» b »<h th« fr. W M0l«. 
+?f > d . WMA f * 40 / TAU , where "TAG" is the travel 

time of the mode. As a crude general calculation, remember that at 

speed of light, each mile of line, contributes about 5.0 microseconds 
to the travel time. . The speed of light is 186 mil**W or ^ 

"HZiwS” J? de f at «-* atl g*{* or long lines (say' 90 miles or long r), 

HZINF will be the larger of the two just-cited frequencies, note. 

But be very careful of ohorfe lines, since as the line length goes to 

fr f *\« no J a » m raU3 i infinite and: the weighting 

funotion a^t.) becomes a Dirac impulse function. As for the 

beginning frequency, O.Ot or 0.1 Ha . is typically used. • ' 


Sample 


MSS. Output for "WEIGHTING" Data Casa 


. Consider the derivation of weighting functions a.(t) and ao(t) -for 
•the zero-frequence mode of a high voltage overhead line (500 kV?) which is 34.5 
miles iong. This is the situation of UWP Test Case,# 4 V* the partial output . 
of which ahall now be described.. Note in. the listing below that default parameters 
tmiscellaneous data constant values) were used, which ia the typical usage for 
the zero sequence mode of linos that. are perhaps 50 or more miles long. 

Une printer output for the 1 "WEIGHTING” data case begins with an interpreted 
listing of all input data Cards, since tho inverse Courier transformation can hot 
be begins.,until- all data is known.. Wo have; 
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The end of this just-deeoribed output is followed by s message which shows 
the total area under the two weighting function curves. .This figure should 
theoretically be unity, with the error of .003 (see below) being typical. 
Then comes documentation of the weighting function'cards which can be punched 
for the user (should he set n IKTNCH” equal to tero). Only the '■ 
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beginning of these records is shown: 
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Finally, the end of such card-image documentation of a-}(t) and' 

.will be followed by an SJOT-interpreted blank card from the user’s input data 
deck. This will be the case if only a single inverse Fourier transformation 
op ration wan to be performed within t‘WEl GATING” . This blank card signals 
the end of such "WSLOHl’ING" data cases, and serves to transfer control from 
"WEIGHTING" back to the solution overlays of the EOT?. An arbitrary -OTP data 
case could be solved next. In this case, we want to stop execution \assuming 
that only this one test problem was to be solved), which can be accomplished by 
means of a blank first card of the following data case (as per Section 1*0b 
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The Input and output pa described above ia applicable to the oflfintl mode 
at "WKHiHTlNa" usage, before "LINE 00NBTANT8’* or "GABLE CONSTANTS” 
vfepe available within the ,SMiT. The original mode of usage is somewhat inconvenient 
in that the user must supply If and h as a function of frequency *«*«.' 
quantities which he may *iot have immediately available, 1 


Moat usera now prefer to start with the geometrical pharaoteriaetien pf the 
line, and derive weighting functions a-|(t) and ©2^) i» * aingle eiep* 
This is possible, using an internal program transfer between "WEIGHTING" 
and either "LINE QQN 6 TANT 9 " or "GABLE CONSTANTS" , The format to ha ' 
fpll owed is aununariaed by the foil owing J 

• • ' *_ < 
a) Be nioa, and start with a, "BEGIN NEW BATA 0A8»" oard, he ■.,.- 
per Saotiuri 1,Ga , * ""•*■ 

i 

t») Than come tha data oards for a oomplete . LINE OONBTANTB" of 1 
"GABLE CONSTANTS" oalnulation (see Section 7*4 or 7*7 $• 
respectively). There should be exactly three frequency oarde ft% 
part of this data grouping* 

i 

1 * First, there ia to be one frequency card for a near^do 
frequency. For high-preoiaiap computation (a,g,, 6*M4t 

IBM floating-point), f a •*,{}-* 3 if? . oan be used withoul 
any' apparent numerical difficulty. Experience with lowers 
precision machines ia not available at this time. Even 
O.i Ha or 1.0 Ha is quite acceptable', since the Only U.3W 
°f the resulting line constants is .for estimation of the 4% 
: resistance‘of the ^ine, for possible Use with the thilV 

correction option lsee data parameter "IFTAIL." ), 

* •% 

?t 2nd, there is to be one frequency card for the steady*- 
state frequency at which, the resulting line model is to he 
used. This is usually 50 Hz or 60 H? for ao .wstNftth 
For do aysteiiis, use acme small value such as t 

• **■ Sea further comment about* this below, 

*; Third (arter the just-listed oard)* there is to ba Oh? 1 

frequency card which requests the logarithmic looping OVOP 
all frequencias which are required by the inverse Fourier 
tranqfofmation uf “WfiluHTlNG" , Typically this vifiii 

provide for four or five points per decaaa, begin^ins %t . 
ii,1 Hz and ending at i. 2+7 Hz' , . r 




;* j 1 •'■■'j'fe, i 

' - • «, * y *1 




V ■ lo 

o) Then cone the t»o mlseeUei -as date cards at "utTcmrane "" • 

previously doeunented. *v- .1 «£££? b £*. / 

4> SfCSe^ontS l§. 

e) ;W^t.' 8 S“r(^ jK^ST - - •w| 


ruleet'oo^elT/iLtno^?^ *** *“? ** construct.* .hoordihg to 


5 I Z 

p.' . ‘ 0 .o 

&£g i n n *:• w o At a "c as e * 

D UTPF TEST CASE NO* IQ] 

WEIGHTING ' 

Cl N£ CONSTANTS 


'0 


these .... 

, r 

r 

o 


■ mi*«. — ^ m-oi j «* ' 


C. 


1 

': I 

2 
2 

“ 3 
3 
Q 
0 


• 36 % 
.36% 
.36% 

• 36% 
*36% 

36% 

*5 

•—* 


JOHN DAY LONER 


• 06 
• 06 
• 06 
• 06 
• 06 
• 06 


2*61 
2.6 J 


*♦ 

4‘ 

4 

4 

4 

4 

4 

4 


MONUMENTAL 50Q 
1.682 


•——■».* 


Ktf LINE 




*■*»•»■ >fa . a '.... 


0- v 


Osa<A" 

100 . _ *J 000 I “ 

Too'" 60 .. 

too ■- • «r~ 

__ _- S 

{&jto-v4, 


I. SO 2 
1.602 
1.602 
i .602 
1*602 
*386 
~*386 


• 90 
1.66 
20.90 
21 .SO 
40.00 
41.50 
7.8$ 
33.65 


-.,-'T « ui/ 

CiTj\<Au»£ 3 CeJu OoLft^Lo. 


0 9 0 

8 0.3 
"80.0 
I07*5 

107.5 
60.0 
60.0 

I 28*5 

128.5 


M-3 TOWER 
a 36.0 
35.0 
62.5 
. 62.5 

.“35.8 . 

35.0 
113.0 
“ II3.8 ~ 


At v. 

■ * 2 - 

81 •••: : 

82 

Cl 

C2 

Terra i 

TERRA2 


I 

I 

I 


8 


138* 


J 3 U*A, 

GjUnii, 


^ f • • . 

"Lik»e . Co 

d«&cc, tw C ai v« WEIGHTING' 

^ "WEIGHT!MG " clXeX, “ ; 


. 68' 
88 
4 88 


i • .■, 
• •• • 

'--—• i.3 ||( 


^ 3 +> d ! ta CaS ® WaS Used to derive weighting functions' Sl (t) and Soft) 
for th© sjcro^sscju©!!©© niodo of the irv ) 

connects -John Bay* 1 with ’Wr itaLE&i"*Bm^.JJSd’SSn ' ‘ * V' 
are perhaps worthy of mention; eVeral sp6c 4 fic detail# .•••/. 

S . lt ail . . 1 s °f.the blank -cards which finish the "LINE CONSTANTS" ' 

^ hat ! here are exactl y two ««* cards : one to end ■ . 

md oneto « nd the sequential solution‘of ' .ti'- 

£etaii_2 . The "88" which is punched in columns 67-68. of the three ' 

C fu 3 0t the "P I1?E CONSTANTS" data is a signal '< 

' • linked up S with ” 0d ' 8 iTsV^TZllVsl 

mode°ff t S\in7 /ffiGH i? &, '»Aa» req u enCy ' de P endence fo * the zero sequence 
then lfnJ i^ 6 * i If S9 had b ® en P unched i» eolvunn> 67-68 , 

. 1 would X h«vI h 0 VSlUea f ather than zero-sequence (ground mode) values '• 

vouid have been communicated back to . "WEIGHTING" .• Recall that • 

liie °tZ T v f -1 r d8S if° r 311 "^'’-Phase continuously-tranapoaed 
' d w J5 Karrenbauer diag.wiali^ation yields one^^ ground^ mode and 
N -1 Identical line modes). - 


•£ 














Detail 5 * Qn the two miscellaneous data cards for M t£lGKTIHC w only the 
distance field ( "BIST" of columns 1-8 pf the first of the two) 
must always he punched nonstero. Here, the line length is 
138 miles* Modal capacitance ”CJU? W of columns 9-16 
will not be used r»en if it ie punched* 


y>t: 

<v; 


Detail 4 t Columns 50-42 of, the frequency cards are used to request 

"DIKE OOHS2AHTS” printout, as explained in Section 7,4 . Such 

punches are optional., and hare no effect on the calculation of 
. weighting functions* The correct line constants, information will 
be communicated from '’LINE OOlfSTAHTS" to "WEIGHTiarc?’ even • 
if no output la requested, as in this example. 


As for the line printer output corresponding to the JSSfTF solution of such 
a data case, this will begin with the "iJHE •GOHSTAHtS” output. See 
Section 7.4 for a description of this* Once control is txeaeferred back to 

"WEIGHTISC" from M LlNE OOHSTABTS” , one sees the following: 


BUAMK CARS 1 TERMINATING RRtCUCHC*. CA#W* 1 

Srin* »i?? l*N6-CON3T**»T* 6*S«. , 

capacitance; •• • • -.— 

£HO RISC. .# -« 

S AMO i. AT , (OOE*83HI, .300(-li . 

600E402H2* ,'3ff5e*0i ‘ .«»£♦*» 


a Amoat 
LXN f: const* *,l,f, 

LIM?. CONST. R.t.r. 
CINE CONST. «,L|F. 
UlMg COMSY. R,l,r. 
UZhE CONST. R.Lif. 
U1M£ CONST.' ft, t,f , 

».IM£ const. 

VZHS CONST. ft,l.p, 
CXME CONST, ft,L,F, 

tine const. R # t r R. 

UIN£ CONST, «,UF. 
»*Xh€ CONST. ft,L,F. 
A.JNE CONST. 
lu3hE CONST, ft.UF. 
C 2Hg CONST. «,u,r. 
V2Hfc\ CONST,. R,t,f. 
6.XHE CONST. R,t,P. 
tlNE CONST, R.L.F. 
tSNE CONST. R,t,f. 
,*_XHE CONST. R,L,F. 
h* CONST* RpLrF* 

i-XHE CONST. R.L.F. 
i-XNE CONST. R,L*F. 
I.SWE GONSTi R»L,F. 
I-XME CONST. ft,UP. 
C£HE CONST.. ft, Up, 
UXNE CONST, R,U7. 
USN? CONST. R.C.F, 
C- XME CONST*. ft,UF, 
i-XHC CONST, R,t,F, 
tXNE CONST. R,L,F, 
tlNE CONST. ft.UF. 
feXHE CONST. R,t|.F, 


.309E-BI 
•3I5E-B4 .fl30E>8f' 


o| w llNf CONSTANTS* ^did 


•a4rc-oi 

• 44*C-0f 
.*6*e-oi 

*r8<e^ot 

i!UE»Q« 

• aeaem 

*4*5,EfQG 

e'mt+fll 

e?43E#(U 

♦4t4E+Qt 

e*9*E+01 

aitrcm 

• iszeto* 

•<*«€*C2 

«*(«£»£*. 

.zs 

*3.m+<ri 
<»**♦* 3 
•rsAt+aj 
e tGttTm 
#i.f7Efa4 


**•««•< CASO TERMINATING 1INC CONSTANTS 


.085(4(4 .406(4(8 | 

.957(404 ..IT0E*6B I 
»346(*0( » 
.5*26.08 4 
*«08E4»4 4 
•4785**4 < 
,3ts(*(» i 
-,«62E»5l f 
• footme » 
.W«*MT 
.346(4(2 I 
.S62EM2 (‘ 
.4086*83 I 
.!«£*« » 
.3166*83 4 
•562(403 f 
. IOK»0* | 
.428(4(6 4 
.3I6E.J6 f 
.562(4(6 | 
.400(4(5 I 
.4786405 4 
i2T6£*05 I 
,S(2E*0S ( 
*»«0C«4 I 
.4706*06 I 
.$46£*06 f 
•562£*C6 | 

* 10 06 * Cl 7 | 

.4766*4 2 I ' 

. 3 46f♦t, | 
.f6?t + 47 4 
.•092*4 0 t 


<802£*04 

.7?fcr«t 

.fwwr 

.249(4(1 

•69?6*84 

.686(4.(4 

.637C*8t 
.648(461 
.583(*#( 
.5966.01 
«529E.0I 
.5836*41 
.627EVo» 
•6S2E.0I 
.426ff*f 

>6S$(«(4 

«366(404 
.3656634 
,362(404. 
.332(404 

.318(404 

•307(4(1 

.289£*C4 

.292(4(1 
.2866*04 
.2026481 
•27«E*#I 
.226E.84 
•?26(*ei 
273084 


R» t.. r 


< 


43*. . 

Tit »6«06«E-6t 

. 30 900676£-04 
.3952J02714(0 

• 30675603£-0f 
.3806S72«-#4 
*34984*S«(,8t 
.3266271*E-0f 
,362324600(4 

. * 386061 i’Ot *J l 

• 66945.3936*04 

. 56639926(4(4 
. 768266 4«-« | 
.11283378(489 
.47635820(400 

• 2*829929t.00 
»fct«r7d6£'fr£+£4 

4 *.924>?*4<J€*&e 

• 3M 734^aCffl? 
*49&J2iltOE^U? 
.n4??Q7n5iS2 

. f ffttqssuto;* . 

* * H'55&7 , ‘X5fc»0J 

e3(?0fdM?fc*t|U 

• &Z24-6S6.ilta3 

• U/5aS64£HU 

•e**£l22Z5E*aV 

.a 


&m***xtm 

edHlHf'I*w 
•69T#ef2$C»tft 

etTkSMWWi 

Kim** t 
i 

oJWWfCftf I 

*3446??£d£ftrt 

*M47f 45$r*:Mn 

43t«4979S€K)» 
(3jJT459£QfFf flt 
(*$8fr*43$e*01 
*24?ff7H6€fflt 

.Z?tf4a4?«£M* 

oi?5d9995^n)r 

6 274.0 J M 4f 4-Q | 

.•2776J35.H*0I 


•itftet* *c*«9 
*s*»2ttrH*n 

etnz&t* 

*3tfr227>^E+ff3 

e5t2JHI-33£f03 

fttJQadOflO£fij4 

*3t62mr«>a4 

e?.£2'34'|*T3t4.D4 

♦ raadoeijot;4-o,5 

o? 

#;n63f?r77iuo5 
*96*T34»f53Ei-05 
*• fOOOdO^OEfOS 

4Al67,n77p*06 

.41 (H>OOO0D£*O7 

• l770L*7O*efO7 
'1M2Z7?TUQ7 
-=5*^ JV* r 33G*07 

* fftfloooooEtdi 

♦o 


~“it^e4-xAAerwf*w:wfir ; -4;: 

9MQ inwt THm UKja? 

. $AJ0 X«A6€ mui wx ■ 
X**Gt OMaT 

, moh u«JY 

IHASE* UNIT 

CAttO t«A«E r«d« UNIT 
- IKAGC fKOH UN XT 9e 

c#i*e tMte frph mtr ^ 
£*#* meg ^«oh unit x 

fc*#0 IHftOE F.RON WXX; 
ZAnO.SHhQt FROM UWXTV,’-7 

CRRP IHAffC .FftOH UNIT Ve 
0A«IP WCC FR0H UNTT 9w 
*W» tHIXit Ff%0N UNIT U" 
t**0 I RACE fROR UNIT Ow 
C*R0 IMAGE fROl UNIT U* 

£55® UNlT’Ce 

CARP * IMAGE FRON 

CARP,IMAGE FROM 
CARO IMAGE FROM 
CARO IMAGE FROM 
CARO IMAGE FROM 
CARO IMAGE FROM 
CARO IMAGE EROM 
CA-RO IMAGE FROM 
CARO IMAGE ^R6m 
CA^D IMAGE FROM 
®**P I*"*GE FROM 
carp? i«a-ae from 
CARO IMAGE .FROM 
rfc> »C IMAGE FROM 
C*«r< IMAGE FROM unit 
CARO IMAGE FROM UNIT <3. 
CAffcO IMAGE FROM UNIT 0* 

CARO Image from unit g* 

CARO IMAGE FROM UNIT £e 


UMJrr 
UWIT <u 
ui»ir >4 j« 
UNIT <Je 

UNIT 9, 

mxr 

UNIT 
UNIT 
UNIT 
UWIT <i. 

w r < J4 

UNIT ^ 
UMlf 9. 
UNIT He 


*Se 

y. 


p0t4il % % 


lik ’ ““ mt.rpr.trt cart 

wit 9 ." £ic‘LT^ rs»s 1 . if* “T *“* mK 

O., convocation tram :«UM omstabts" to "TOIOT? I SP T f'’ th 

tf « ®lt niasbar ^ 


are 80-coltaan. 
*'LD?riT9'' 
data cards are read)* 



sAoS-tC«S J5 mcS? 

■ ••**4* 
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modal capacitance (this record la sandwiched between the two 
user-supplied miscellaneous data cards) and all of the modal 
line-constant® records bearing R , 1 , and f values. 

Detail 6 t Beyond the printout shown above (f.e., below the bottom^)f It)» 
— output Is identical to that for a self-contained "WEIGHTING" 

case, as illustrated previously. 


How to Plot Weighting Functions a|(t) and apCt) 

If the user wants, he can produce graphs of the weighting functions a^i) 
and a?( t) . This can be either as part of the seme "WEIGHTING" data 
case, or. at some later time (e*g., using the "REPIflT" feature, or using 
interactive CRT plotting). The general procedure should be familiar to EMTP 
users, since the "WEIGHTING" code of UTPP overlay number 4? has simply 
been connected to the EWEP* plotting code of UTPP overlay number . 

For plotting purposes, the names "At " and "A£ " are used 

for identification of the two aforementioned weighting functions. These 
weighting function variables are handled as though they were node voltages* 

Plot cards as an EVfTP data class ere covered in Section t.10 , where it 
is noted that a blank card is used for termination. Provided miscellaneous 
data parameter "MPLOT". (columns 49-%) is punched as unity, such plot 
cards are to follow either s 

a) the blank card which ends line constants (R, I*, f), or 

b) the blank card which ends the embedded "DINE CONSTANTS" or 

"CABLE CONSTANTS" data case. 

Recall that any given "WEIGHTING" data cnee will use one or the other of these 
two options. 


Data fields "AXIS" , "MPLOT" , and "M3AT" . of the miscellaneous 
data cards were skipped over in the original explanation* They are associated 
with the plotting of weighting functions, as follows* 

MPLOT -Punch with unity, if such plotting is desired. If left 

blank, the user can totally ignore the present section. 


Parameter which indicates a possible desire to save the raw 
plot data points on disk as a permanent file for Inter 
reuse (e.g., using "REPLOT" or interactive CRT plotting). 

(* 0 — * No such saving of data points on disk, 

1 2 -» the raw piot data points will be saved as 

^ ' a permanent file on disk. 

This is comparable to the use of variable M ICAT" of 
conventional EW?P data cases (see the integer miscellaneous 
data card, Section t.Oh ),. except that here a value of 1 
has no meaning. There is no provision for ignoring plot 
cards, as with a conventional data ehse* 
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AXIS -Field related to plot sealing, Jt can he left blank 

if all plot scaling in to be user-specified, as per the 
usual rules for batch-mode plotting (see Section 1,10 ). 

•’'"hen "AXIS" ie punched positive, any subsequently produced 
plots of A1 and A 2 will automatically be scaled 

ae follows! 

a) Let AMIN be the minimum of A? . Then 
the plotting fields "VMIN" and "V:,’AX" 

(columns 16-24 of the plot-specification card) 
can be left blank for the A2 plot? the E.KTP 
will internally set these variables to AMIN 

and -AXIS*AMIN , respectively. 

b) Both A1 and A? plots will have the time 

axis span the interval (o, TMAX) , where 

TSJAX is the end time of the weighting functions 
(equal to UMAX travel times, by definition). 

The user is to punch the desired axis length in 
columns 6-11 iplot field HMIN), and the EftfTP 
will do the rest. 

Such automatic plot scaling can not be used with "HEPLOT" 
usage (see Section I.Od ), or with interactive CFF 
plotting; it only applies to plots which are port of the 
same WEISHriJfijr data case. Of course the user can 
punch AXIS positive in any case; but if plots are not 
produced at the same time, the automatic scaling feature will 
be Inactive. 


J^?*** 1 ?fri h * f lot CB f? s » it might be explained that the automatic scaling 
option of AXIS is provided because the negative peak of A 2 may not be 

IZT, , A1 • , *« no scaling problem, since one genemUy 

Jl the Whole positive pulse. But recall that A? fee inn at 

f5tp autoiat^i £er ° ftheoretically), which effectively disables the 

•JJL? P lot scaling capability (if columns 16-24 of the plot card are 

totfLot «i? e J ti° 90Phy + f f U8i ? 6 p0?iitiv « AXIS is that the user will 

frol olufwin^f v* R ° Cati r A2 pul8e » plun a P®nt of the initial decay 
fma plua tefinity. For example, if the user punches AXIS equal to 4 0 

1/5 of the ordinate excursion will be negative, and 4/5 will be posUive!' ’ 

That U,tn‘plot 9 ra S t ihe ed WoS ?!*?”'^ " AUr >" ** «H~®nclu s ive. 

au t°maticaUy determined as deeeribod?* 36 If user-opeciflid^Inling 
GET plotting 8 muat subsequentl^be^esorted to?^ er ^ EVWr or interactive 

. Column 2 - Punch alwftys# 

Coluane 8-11... - Punch the deeired time-axis length, in inches. 

Columns 25-26 —— Punch either "A1" or "A?" 

•labeling information (columns 49-80) Q f ^ Sr * 

dieereti«i, as before* it in „ r , a ii j ‘ p ^°t continues to be at the 
in a hurryJ. : ’ 1 1 - ® lly ‘C«ored for production work (users are 
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Suppose that two or more data cases within ’'WEIGHTING” are contained 
within a single EMTF data case ( which commences with a "BEGIN NEW DATA CASE?' 
card, recall). Then the uaer should avoid the following situations, at least" 
far the momentt 

a) Avoid punching "SCAT” positive on more than one of the 
oontiguous data cases within "WEIGHTING" » 

b) Avoid all plotting (by leaving "MPKJT" blank) within any 
"WEIGHTING" data case which follows one with positive "?CAT" * 

At least on CDC , such situations lead to illegal TAPE4 manipulations, and 
a subsequent system error stop. Such complications are most simply avoided 
by never plotting more than once without going through another "BEGIN NEW DATA 
CASE” card. 


As an example of a "WEIGHTING” test ease which includes the use of 
plotting, consider the following data .listings < 

' BEGIN NEW DAT* CASE 

C UTPF TEST CASE NO. M .... 

C TEAT OF WEiGrtTlHG-PU.iCTIOh SUPPORTING PROGRAM, WHICH CALCULATES 

c weighting functions aiiti ano « 2 m for the zero-sequence of 

C CliTKiaUTEC-PAKAHETEH LINES HAYING FFFQUfNCY-OfP£NOEKT LINE CONSTANTS _ 

C TmIS CAf A CASE IS EOF the ZERO-SEQUENCE OF AN CVCPHfAO LIKE HAVING 

C LENGTH EQUAL TO 34.5 “tLFS. RESISTAMCE ANO INOUCTANCE AS A 

C FUNCTION OF FREQUENCY ARE SUPPLIEO AS PART OF THE 8ATA. . .., 

WEIGHTING ‘ 

3*». 5 *01210 *** 

.. . s 

I.OOOOOOOF-OI 
2.3713700E-SI 

* 

*4.2t G®70OE*OG 
7.45AN4Q5E+0G 
I•QQOQOQ0E+O7 


! • 


3.O47G0O0E-02 
3.I62700CE-02 


0.S544OG OF.Q0 
S.%3fl7000E*00 


1.600I000E*C3 
2. 1 60L00OE*03 
2.5202000E»O3 


Etc. 


2.7S5T300E»60 
2.765«flOF*00 

2 ,r* 2 «»oooe*oo 

®-U«A caa^ AA<k*w. ft.b. } 

PRINTER PLOT 

5,0 A2 , 

. . . cW A fiUt CAtU*/ 

CmJL W*vm “WEIGHTING* (UQ; CmA» 

AAY A riftf \ V 


BEGIN NEW DATA CASE 


| N <m£ujuj>Xi*JZ ENlTp <4 l*Xoj c +tuu /SZ+pA, C fa cu fcV n- 


ihj- 

1^1 


This data case is Identical to the first "WEIGHTING" illustration, except 
that plotting has been added. Printed output ia likewise identical, through 
the listing of the "AE" cards which may be punched. Then, rather than showing 
the "BLANK CARD TERMINATING ALL 'WEIGHTING' CASES." y the following will 
be seem 

• Etc. a*tt> 


♦ 

t 


9*9.3*09 


-42*23 


991*33(5$ 


-43.41 

*4i*« 


9**,3*30 
9AZ.2M3 


-43*<)l 

-41*34 


970.404* 


-4*.A# 
-40.97 


Us 


-succMHk m?uc. L*if 0 €«inti ccum. S***£**'2* 1 ' 

««,*».» iyCCf$5ifUt CATAlCt QF UKlt*4 FCCT CAT* FOlMS* F£ to .4AH£#T FXIE HAIfE * flirt tfcI47%t*44f$ 


nrojfsx fc* uni **x«?c* fot. 

P* CAFOe eO 


► me too 


( FFInY£* FtoT 

* i **a 


At 






02/14*79 12*49.5$ 

».cr n-f * 
A**tS At 










-.»*c 


.iw-ol 


MIC 


< i n**t 3* » 

•«* _:J!I_:Ii!-—:*!-—~i~~ 


'' tiituu 
*»»» 


i.ut i.m ».M« Mu 


„■••• • • ... 






»9<|U>*3 


Mi 

* * • 


iiMII 

IMM 

IM 

il 




j . 

! 1.4* 0* ****** 


vk4. •hmit 4(int th« firat Um print** plot. Such output will oouttouf t&wugfe 
Will t« rocortWU 


i«V*VK 0*3 #UOt. **«e» - 

i I. ok c*« ic 4 *:M*riMS *u ***X»htins* c*m. 


twCSMtlMNCTSC t»MBU«n MOM** <»«*», coc Mgwvs yr f*«**•£*£« *•****Jff{S*88fcI! r,i ** > 

!««"««"Ajsy^ y-tirg," «rv. t jffrs t , , ., v. «•< 

*t‘«£pn*£S*w«« 

4 . .t « » •• • t. ‘ t .. 




~4 


iUuxx e**e m«m*h$ ».r* mt* cist. 

>i*M< TM**l*»«W*-Cf-Mi* C*>D. 


MMtOtH tff* 0 *t* CIU 







7.4 


"hlHR C0H 3TAKT3" Routine 


Uy means of the special request word "LINE CONSTANTS" , an EMTP user 
pntnn access to the nupportlng routine which bears this same name* as per the 
explanation of Section 7. The principal function of this code ia to 

calculate the ran latones, inductance, end capacitance matrices which correspond 
to an arbitrary configuration of overhead conductors. 

Prior to July of 1770, tho code in question existed as a self-contained, 
separate program whioh went by the name of "BPA Line Constants Program". It 
was originally written by Dr. Hermann W* Dommel, who is now Profeaaor of Electrical 
Unilineartng at the University of ftrltinb Columbia in Vancouver. Details of the 
incorporation of thin routine Into the EMTP are covered in the 11-page EOTP memo 
which la dated June 5*1, 1976. 


Do as to leave the original (mantor) oopy of tho User’s Manual of the BPA 
Line Oomi twite Program intact, tho following 70 or so pages began with a copy. 
Hathef than u»e n f»PA copy, 1 hnv© availed myself or a D.C. Hydro copy, which was 
given to mo last summer at our July 19, 1976 EMTP reunion by Dr. Brian Dixon of 
that organisation, ft would appear that D.C. Hydro lias done acme editorial 
enhancement, whioh Included the re-typing of a substantial portion of the text 
OJfforenosa In typewriter font will indicate to tho oareful observer those passages 
Which have been typed at B.O. Hydro. Hermann'n origlnalo are characterised by the 
lama font aa ia being need for the pronent paragraph. 

The atruoture of a data oaae for "LINK C0N3TANT3" ia ao followsi 

1, p|rat oomca a "HK01N NEW DATA 0A9E" card (actually 

optional, mi per Unction 1*0a). 

2, Next oomen a "LINK OONHTANTH" card, whioh serves to transfer 
control to the overlay In munition (WfPP overlay number 44). 


4 e 


Next onwo the "ouhduotor eardn," which define the line 
geometry and asm of Hu fundamental elnytrloal propertiea. 

There ia t.o be one tiuoh cant for each phybien.1 bonduotari a 
blank oard la owed to terminate thia olaeo of data. 

Next come the "frequency iwmhi," each of which epee iflew a new 
earth reuleUvlty end freqnenoy (or range of f requeue ion) *w 
which line none tan to are to be u.aloulwlwd. Hush cards ate to 
be terminated by a blank oard. 

Uepeat the data of Point* 1 “ud 4 above we often »e l« doolved, 
Kaoh auoh group of. data repreeenU an Independent d«ta emte 
within the "LINK \VHU'l‘ANTH M overlay. terminate the laat aoo« 
grouping with a blank oard, whioh werven to trunefer cuuu»oi 
book to the regular WfTP eolutton-mode, ready to feed in * hew 
NMPP data ease. 


6 . 


If the ueer Wante to ehut off the KMTV al this point (father thatt 
execute a following KWh' data oa««), he should simply add a 
"(IKUlN NN* DATA UAdtt" oard at tilts point, followed by 
pant. This ia w» per tfeotiuh 1 *0I» . 


a blank 






•' 1H- 

& 2%£i £ .—£5- Ehgliah Quit a for "IINB CONSTANTS” 

r »r* 

But 8ince 1976, a '’METRIC” option for dato!S^Lfa^i« "S*?. 
output has been provided (eee Ref* 8, Vol* V* June 28 <g 7 c \ e-printer 
either the ’’METRIC” or fhe "enct r< 5 H»* *Jf* 28 > 1976 /• . 006 can ehcos 

« oholl b. bri.fl, 83,0113,1 ° pUm tor ^"Voutput (VO), 

• a * 

* ~^ h »* “ ” iim ' a * sTAraB 1/0 


Hludc 


.T"i M i l ; | 

wlthiil th» , 'I.IK?OTKs*^ig/ r *”^' 1 ^* fS ^ 0 "“ 1<, 'J or “ rt of * d * t * «• 

'data of "LIRE CONSTANTS” „« at * a * ** ® uat precede the Point 3 

• rJss SZSESz&si: ;■ 

reSr^* rs sks? 

S.’Sm s?2i"?£rss ^ 

supply those unitE^whioh oorrwpoon'to '?- 1 ‘ , tha u * , f'» reroon.lMXlty to >lw 
or "ENGLISH" ). rreopona to hie chosen option (which ie either ^METRIC” 

* I • * 4 * 

: ? * 

. . J* 1 ? ^J t8 ^r printed output ehould cause no cinfueion fn-r tw u. 
otated in-the printed headings which precede such ^ " 1U ' be 









Vnriabl Dlaenslonlnm of ♦'LIKE CONSTANTS*' Code 

As with all other non-solution overlays of the EMTP which require variable- 
dim nsioning, this capability has bean provided via a "YDGV M module 
( SUBROUTINE VD0V44 ). The available space for “LINE CONSTANTS*' arrays 
is equal to that of /LABEL/ , minus a constant offset (which allows for 
th excess space required by tbs compiled code Itself). EMTP variable dimensioning 
allows the user to control the site of /LABEL/ at will, of course (see 
Section 0.6 }# Hence "LINE CONSTANTS” is variably-dimensioned, indirectly* 

Normallyi data oases for "LINE CONSTANTS" will just execute without any 
difficulty related to dimensioning, and the user need not be mt all consented 
with program dimensions, fet there are throe distinct ways in which the user 
might possibly get into trouble, should insufficient central memory be available. 

For capleteneos, theme shall be listed here* 

Bomboff #1 

First, suppose that /LABEL/ (as produced by the user's preceding 
. rariable-dlnensiowing .operation) is exceedingly small. Suppose further 
that the user is running the BMP?'on a non-firtual machine, within.s 
central memory partition which is barely adequate for conventional 
time-step-loop simulations. Then it is possible that the operating system 
could terminate execution of the run as the BfWfP attempts to transfer 
control from "MAHNO* to "0VER44" (the overlay of »>- "LINE CONSTANTS" 
code). Remedyi re-dimension the EMTP in s less-miserly fashion. For 

CDC in the Spring of 19TT, perhaps 4000 or 5000 cells of /LABEL/ 

Is needed as s minimum, in order to escape the fate of Bomboff #1. 

Bomboff #2 

flaring barely escaped Bomboff #t, it is possible for program control 
to get into "OVER44" only to discover that there is not enough storage 
available for even two conductors (2x2 matrices). For a Virtual machine 
which will never run into Bomboff #1, it is Bomboff #2 which will be the 
standard indication of insufficient sise for- /LABEL/ . • A standard 
KMTP error-termination (KILL-code) message will result, describing the 
problem. In this cose, data input can not even be begun. Remedy* same 
as for Bomboff #1 above. 

Bomboff #2 

It the user escapes Bomboffo #1 and #2, then data input for the 
"LIRE CONSTANTS* case begins. But should too many conductor cards for 
the given dimensioning (elite of /LABEL/ ) be read, then a conventional 
EMTP error message will result (e.g«, see Section 2*4J* The error printout 
will indicate the conductor limit which has been exceeded. Then in order 
to know how much /LABEL/ oust be expanded, the user is advised to- 
consult the following constraint between the maximum number of conductors 
"n" and the total available array apace "f* * 

f * ♦ 91 n V 9 

8 

For example, suppose that the error-stop printout 
indicates that the current program limit la 12 
conductors If the data esse in question actually 
has 23 | the user might decide to redimwwiot* for 
a limit of 50 * To do this, /LABEL/ wilt 

have to be expanded by at least 1929 - 480 H$9. 

floating-point words. Th»* storage is prddcminatsly REAL * 


: * 

T 

r 1 i 

nr 

^ # ,i 

i m . 

1 n : 

w \ 

w- ■} 

[ m 

'W 5 

nn 

; m " 

5119 

90 

4584 ; 
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Format for Conductor fords ( Point 3 "LINE CONSTANTS",., data) 


For each physical conductor which belongs to the overhead transmission 
line, one card is to be punched according to the following format* 






rr.rrnrnr 

CCS 

nccDCM'KCRcr; 

PC 

ptipfrepe! 

FCCETEEEe 


sm 

RESTS 

Ul 

OL 

>- 

X 

1 

<r 

■Hj 

mm 

yw|jy 

Di 

HR 

mm 

mi 

—m 

EE3 

w 

B 

B 


m 

F5.4 

FR.S 

i 

F8.S 

FR.S 


u'ffi 

F9.3 

BOEi 

I53E1 

A6 

£ 

EW 

IISH f 

Jl/KM 


8«t 

Exception 
2 bflow 

—7—i 

CM. ' 

meUrs 

* i 

meUrt 

4 

MetdAS 

i 

CM ! 

■ * * 4 ’ 

• * . • ♦ " 

1 : . ; * 

, . .i ! : 

.: i . 

•:. .'.li.Lj 

.METRIC | 

/t/mUe 

foefc 1 

t 

4eet 

feetj 

Iset 

Inch . 

*. • 
:: r ! 

4 

r 


i i 


ffce phase number (an Integer) to wfaloh this conductor 
(t-3) belongs* Punch as aero for a ground wire (ground le phase 

number aero, by definition)* If more than one conductor 
le punched with the same phase number, this means that tho e 
conductors are to bs bundled (electrically connected in 
parallel)* Bee numbers 1 , 2 , etc* without any 
. missing (unused) entries, when numbering the phases* 


sicnr 

(4-8) 


field which is usually punched with the ratio 1/8 , 
^isret f m - thickness of tubular conductor) 


f * * 
- 


outside disaster of tubular conductor. 

for a solid conductor, use 0*5 , note* 

See Kroeptien 1 below, for an infrequently-uaed alternative 


HBSIS 

( 9 - 16 ) 


fo resletanpe of the conductor, In unite of* 

«ta* / kilometer-• if "METRIC** 

ohm / mile -—-If, "WflURH" 

See Bcoeption 1 below, for an infre^ueptly-used altenaatlv 


Mm 

{ 


IXTYPE 

(1.1-18) 


Usually punched with a "4" . 

Ssa Reception 2 below, for several inf requently-ua ed 
alternatives. * 




REACT 

(19-26) 


Usually lift blank. 

foe Btception 2 below, for several infrequently r uaed 
alternatives. 


DIAM 

. (27-34) 


Outside disaster of tubular conductor, in units of* 
centimeters —— if "METRIC" 
inches . — - If "BtOMSH" 


«u 

{ 











HORIZ 

(35-42) 



Horizontal separation of the center of the conductor from 
acme reference line, in units oft 

{ meters-- if ’’METRIC” 

feet -if "ENCUSH*' 

location of the reference line ie arbitraryf distances 
to the right of it are positive, while those to the 
left are negative. 


VTOWER 

(43-50) 


Vertical height of the conductor above the ground, 
at the tower, in units oft 

f meters-if "METRIC” 

\ feet --if "HI GUSH” 

See Exception 3 below, for an alternative. 


rMiR 

($f-58) 


Vertical height of the conductor above the ground, 

*t mid-span (midway between two towers), in units oft 

fosters -. if *mmt& 

\ feet --if ■ 

See deception 3 below, for an alternative. 


SKPAR 

mu 

(59-72) 


loses blank, unless the autoaetic bundling option 
is desired, as explained in Exception 4 below. 


SAME 

(73-78) 


laavt blank, unison the change-case option is to be 
«M4| as explained in Exception $ below. 


IBRiB 

(79-80) 


ismvs blank, unless the automatic bundling option 
lb desired, as explained in Exception 4 below. 











Hie luat-delineated rules apply to the most common, basic "LINE CONSTANTS 
uaagej they are the most frequently-used alternative. Yet other options 
ar« available* aa shall now be explained# 

■WWW. * 


Exception 1 i 


Bypass ekln effect calculation 

If the skin-effect correction (or calculation) Is to be bypas ed 
(omitted), then enter 0.0 In the field "SKIN" of columns 
4-8 . Aleo for such a case, field f !HESIS" of columns 
9-16 is to be punched with the conductor ac (not dc) 
resistance. Recall that ac resistance is equal to do 
resistance plus a skin-effect contribution which depends on 
frequency, among other things. 


t Alternative self-inductance calculation 

Rather than have the program calculate self-inductance based on 
the tubular oonductor geometry, four other alternatives are 
available to the user. All involve the reading of one additional 
floating-point number, froi*. field "REACT"' of columne 19-26 • 
Internal inductance is not corrected for the skin effect in any of 
these four ftltemativcs. • Ty£« code "IXTYPE" of columns 
17-18 can take on four alternate values to the usual "4 "-punch, 
ao followst 


IXTYPE REACT (19-26) 

- ----- - „ -n-rnn-i -- 1 i .r , , , - r _, - ■ - - * 

0 Reactance Gor unit spacing, assumed tp be valid 

for whatever frequencies may be encountered on 
frequency cards which follow. TH<I Unit spacing 1 l 

f one meter - If "METRIC" 

V one foot - if . "ENGLISH* 

. The reaotwiro "REACT" is in uhlts of* 

r*..** JfOhmA Home ter if "METRIC" 

• l / mile - tr "ENGLISH" 

* ilb" immediately above, onjy this reactance 

only Mppl !o» at 60 llet*tt% If frequencies 
til rferenl. than this wi ll be encountered on 
frequtmey cnrilo which follow, the reactance 
will he changed proportionately, 

? <5MK («•’“«'<’trio mean mdlua) of the conductor. 

In uni t.a of* ’ i 


front 
Inch 


t- line t r t*» 


If "METRIC" 
If " ENGLISH" 


Htmniui ion lean mile atlj ,* # whetti "r" 

In the conductor outer mdttui, j\, t . ,«oUd 
eondurtorn, thle mile i« equal to . . 











Ill a 

Exception 3 f Cange of conductor vertical heights 

Before considering alt**matlv a, first consider how "VTOWER" 
and "VMID" , the conductor vertical heights at the tower 
and at mid-open, enter the calculation. It may be recalled 
that Oirocn'o formula requires conductors to be parallel to *he 
(assumed) flat earth. Of course conductors always sag, so an 
average height must be uned as an approximation. The program 

■ mD4 ** 1 * *>•*“ ♦ ,/ ” vt0 ” B 
if both flelde are punched non-sero. 

If one of the two data fields "VTOWER" and ”WW” is left 
blank, the program nuoumes a value equal to that Which was read 
from the other field. This is the way the uaer can input the 
average height himself -—- by just punching one of the tw 
fields. 


Bxoeption 4 * Automatic bundling option 

Rather than specify each conductor of a bundle individually, there 
is an automatic bundling option which allows a single conductor 
card to suffice for npecification of the entire bundle. This 
can be used for a "regular" bundle, where by definition all 
component conductors are identical, and ouch conductors are 
. also assumed to be uniformly spaced around the circumference 
of a olrcle* 

Automatic bundling uses the data fieldo "SERAB" , "ALPHA" , 
and "NTHJND" , which are otherwise loft blank. The 
"conductor" card then becomes a "bundle" card, as per the 
following specification! 


fJKPAIl 
<*>9-66) 


ALPHA 

(67-7?) 



——i Reparation between adjacent conductors 
In the bundle, In units of! 

f oentimotem ---— if "METRIC" 

\ Inches - if "ENGLISH" 

_... Angular position of the first conductor 

(or a»y conductor) of the bundle, in 
units of deg/ven , Poe l Live angles 
are men mi red counter-clockwise, shown 

In the lAnlfih. 


Number of conductors which make up the 
lajirui I . 


Stamp I e sketch of n bundle 
,,r Nisir-Jl! •* O conductor*, 
With angle . "ALPHA" equal - 
to V) degreesi 













Data field "MME" of columns 73*78 la normally left blank, 
uniene a following data case within "LIKE OONS HARTS* ie to 
make use of the change-case feature. See later explanation 
For such change-oaee usage, conductors must be identified, 

A 6-character alphanumeric name ie weed for this purpose, 
punched in column® 73*78 using A6 format. Only those 
conductors which will later be referenced must be given dietinot 
6-charecter names, > 



1 ?-1 

JVj mat for Frequency Cards ( Point 4 "LIKE CONSTANTS" data ) 


Por each discrete frequency or logit thmically-spaced grouping of 
frequencies for which line constant** are to be calculated, there is to be 
a frequency card of the following format: 


. iX i-M-4 * •[ 
£artK}! j 


fcJLi^ 

JRi^i 


■1F34! 


• e» ; ’ *;•! ™ > .".I,? ;• 


F;1i0.Sj ’■ 






» Flo.&; \ m\ ■ 

JL» —■!>»» m — —i t m, »nij | i pi Ji m Un fai iii ■ 


: \ J 



’ 'j i; 

! ffi la 

! 2 

t-‘ i ?*5 

HZ 

r+ ! H 

1 : i • . 

Si! 

Liiiiii 



RHO —— Resistivity of the homogeneous Carson earth, in units of 

(1-8) ohm-meters . These units apply both to “METRIC” and 

”ENGLISH" data cases. 


FREQ —- Frequency f of the line constants calculation, in unite of 

(9-18) Hertz * ' For logarithmic looping over two or more frequencies, 

this it. the beginning frequency fi (see "IDEC" of 

columns 60-62 )• 1 ; 

.s ■ 

FCAR —- Punch a "l" in column 28 , in order to get full 

(19-28) precision in the evaluation of Carson’s formula. This ^ 

is the standard production usage. Other options are ‘ ’•> 

described elsewhere. ., 

I OPR — Printout control. ptvrame tern for the capacitance matrices t C 3 , 

(30-35) air.the acceptance-matrices UitC], or the inverses 
; V...of jthese. .; . Variable "ICAP” of column M controls 
the inverse option, '.note. Six possible independent 
.printed outputs Od[‘h/;bc foqvieated by means of ”1” punches 
■ in'the appropriate coium*iss',i ^ 1 j; 


Column. # 

Resulting Vp^^p|i|k'' 

30 

Indorse of Id or U>LC ) 

51 

. IriVerse of tC^V or 

32 

Inverse of (.Cg 1 or - i*J C^g 1 

33 \‘i 

| 

id or UJ.tC 1 

34 i 

(.Cg,) or' LO(.C E l 

35 

--- 

Cyd or. U>tO 

| _ 1 Y, , ...J 


Here subscripts (or lack >of them) have, meanihg: 

Moiie —— for the .unreduced 8^etem«.f Each physical 
•»*«** ' conductor,has a. Aolxmn in the 

-H# matrix, as does each groymd wire. 

. ''E” - fof the equivalent phase conductors 

(after elimination of ground wires and 
• . the bundling,of .conductors). 















iza 

— for the symmetrical components of 
the equivalent phase conductors. 


IZPR 

(37-42) 


ICAP 

(44) 


Printout control parameters for the series impedance 
trices C Z 3 * [ R) + or their inverses', 

dlx possible independent printed outputs can be requested 
by means of "1" punches in the appropriate columns} 


Col. # 

37 

: 38 

39 

40 

41 

42 

Output 

Z 

z n 

z s 


z -i 

* 

z l'' 


Control over whether it is (c) or tu(c) that will 
be outputted by any "ICPR” requests of columns 30-35 j 


{» 


t= ? > 10 J or its inverse 

tUtC 3 or its inverse 


D1S9P 

(45-52) 


Length of the transmission line under consideration, in 
units of 

I kilometers —— if "METRIC" 


\ *ilee — - if "ERGLISH" 

This fisld can usually be left blank. It need be punched 
. only for the following situations: 

1) Pbr use with "S0tLTSr SETUP" | see Section 7.5 

2) Ibr tiie development of a Pi-equivalent using 

long-line formulae. See "IPIPR" below. 


IPIPB —— Printout control for the equivalent-Pi natrioee of a 

*54-57/ long transmission lino. Hour possible independent 

printed outputs can be fsqueeted by means of *1* 
punches in the appropriate columns: 

~&U 54 | S» | 56 j IT" ' 

:t:; output Y ■ y $ z ■ z Q 

. 4 *. further discussion elsewhere. 


XS80 

(58) 


A flag indicating whether ground wires (if any) art to 
be treated as being continuous, or instead segmented* 

Jo continuous ground wires (the normal ceae)| 

. I * .■*$► egmented ground wires (cut at relatively 
' abort intervale).' ; ;: 

See further dleoueaion elsewhere 





mutual 

(59) 


ia3 

A nu which ia used to indicate the presence of a 
communication circuit parallel to the power circui : 

there ie no such communication circuit 
^ (which ie the noitnal case)* 



1 =$> 


yes. produce special output for a nearby 
communication ciwuita Soo further 
diecuasion elsewhere* 


572 ' 


IDBC 

(60-62) 


tm 

(65-69) 


tm k 

( 66 — 68 ) 


|«ave blank for the noiwal single-frequency line 
constants calculation* 

for the case of internal looping over logarithsiically- 
apaced frequencies, tt tDEC« ie the number of decades 
which are to be spanned. ( 

« 

Leave blank for the normal single-frequency line 
constants calculation. 

for the case of Intemal lo^tngover 

spaced frequencies* "mt* 1 ie the number ^ poinxs 

per decade at which line constants are to be calculated. 

4 • * 4 ' . - • I. 

* 

Rornlljr thi. ft«M’ 1" Utt AV’JJUjL*®*,, th . 

nquMt non-prlnted output 

case of internal looping over logarithmically »i» 
frequencies, fund* t , V 

For the connection of aero-sequence -• ?. 
(g*wid mods) impedances . - 

w*r GHflgc* ♦ This has meaning only 
oher a "tlUE OOHSTMTCS" date ease is 

to a "wiaitae" toto <*“•• 


*89" 


2 


As ijust described for 

for the Kar^renbouer line mode, (rather 

than the ground mode).,. wW*..., 


• • 


g&d' 

r> V 
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T«t rprotation of Inpu t Data Oartg 


As explained In Section 
52-131 of the line printer! 

. character, end columns. 1-50 
All interpretations related to 


2.1 , input data cards are listed in columns • 

a ”1" is prints® in column 51 as a separator 
are used for “interpretation” of the card.lmag • 
“LINE CONSTANTS” are explained in the'present 


e ctlon. 


First, there ie the epecial request card which bears the key word 
"LIKE CONSTANTS" (see Seotion 1*0® ) * If we let variable "MH” Stand 
for the maximum number of line conduetore that current SMTP dimensioning will . 
allow, interpretation la ae follows 1 



Next comes a possible “METRIC'' or "ENGLISH" epecial request card 
(which eerres to request either metric or English unltB tor input/output data) 
Interpretations of theee two optional cards are ae follows: 


H 


- 


1 Hs 

1 

HHHs 



M 

jig 

1 -* 

r> 

ss 

?RJ 

« N a 
4 n r 


f?? 

• 7? 

W 



53 

r 

Ki 

1 

?Q! 

I 

m 

» % t«e t • 

• * M« a 

! 

e 

>T. 

♦ • Mill 

:ca 

li_ 

.J. 

R( 

.j. 

...» 

m 

W- 

L..! J 

jn% 

n 

1. .1. 

nit.. 

j j . 1 ... 

bljSH 


ni 

«t as* 

• a. 4«« 

TS 

owe i 

♦ t • : 

JN 

ii 

1 

ui.. 

it. 

.0/ 

4 * 

j 

• 1 »»: 

m 

* >•« ♦« 

M • • • * 

*' • • 

HIM « 

• MM 1 

V 

*<>« 

;4 '■ 

. ••«* 

* *•<!! 

• ••••« 

J - 

> • ■ 


Next come th# line conductor cards, which are interpreted ae follows: 



N«ci come frequency cards, which bear the following interpretation: 


BSE 

SCEESGOEEEEEE 

EEEEEEBBE 

es 



3EG 

EEEKK&I 

m 

Muslim 

g| 

3BMS 


lip 

Bail 


in 
1 Bfi 

ME 

1 

« ’ 

• • 


h- 

if 

Mskme 

fEARI* 

•j 

ri" 

iff 

**.^**|**|<» 

1 i » 7*! 

•.44-WSTJ 

. : 1 ' i > ! 


E0EE5 


m 

1 \ A 

ui 


I ) j 

i-H- 


key word 


Si °*rd «l>ich bun th. 

ausGE * This ia interpreted a follows: 


el 



















f 

Blank cardo are used to mark the ends of three classes of data within 
th "LIKE CONSTANTS" supporting program: 


1) Conductor cards; 2) Frequency cards; and 

3) Data cases within "LINE CONSTANTS" . 


Theoe are interpreted as follows: 



Sample "LINE CONSTANTS" TMTP Data Case 


: , * 

A a a sample EMTP data case which usee "LINE CONSTANTS" , ■ consider a 
listing of UTFF Test Case #108. Comenl: cards will be noted in the listing below 
Note that within this one BMTP data case, there are two "LINE CONSTANTS" data 
canes. The first-uses "ENGLISH" units, while the second uses "METRIC" , 
Only a single frequency (60 Hz) is invoJ /ed in each. ' 


•TfteWWDAT*--CASEI-- T .. '* • . 

c utpr test casf no. hb __ 

c calculate lime constants fop overhead lime usinb “tiNC.cwcsTAMrs^ 

~c~z —THFLIME 'IS JWTRAMSPOf.FOV WITH' OKIE CONDUCTOR PER PHASE. 

C V SINGLE 3-.PMASR CIRCUIT. WITH ? GROUND WIPES.- 

C -'this IS A COMPANION CASE TO UTPr TEST CASE NO. m, . 

<* ” "THE 'GEOMETRY OF THf OVERHEAD LINE IS THE. SAKE lM THESE TWO CASES. 
c ' or COURSE, HERE WE MUST use THC HOMMENEOUS EARTH (1-LAYER). 

LINE CONSTANTS _ • ' ■ , ... 

***E^3ft7i*2<«Ti« a" .o«n o.c }f v Jf it' 

A.1B71 . ?ETl 5 4 ,ht\0 45i' 1 41,01 ISitS ,..?*«.• 


2»JB7|.?ATl9 
’• ‘ 3.3*73 .2A7I9’ 
0.9 ,7H*>* 

ft.9 .TI40* 


" oi As 


B2.0Z 

»2.0? 

U4.B3 

n *.*-■» 


hETRIE' 

. I.3R71.HA03 

2.3B7S.45AOS 
- 3,3H7i,16A03 
ft. 5 ,44to« 

ft.S «44AB 


*4 .4A7 Y.St 114.A3 57.4 

^ 4 ' ..4«7 . B.,02 U4.M 57,4 

... 

4 l*t4A 0*0 \?t 

ll ‘ 4 ’ ’ la*** U.O 2**0 , l*' 

l3~'4 .. ’ ?4,0 26*6 l^o 

! 4 * 1.216 1*0 II, 

l 4 K*V» ?*>.0 ' 2 *- 


4 

w4 

.. 4 


* 


fM . . 6t -A. '^iSnVTiiiTrMr* 

lMWV< C«-vt J4«v.b\v t »<« 

.. t.IW l c*wt Me ,«*# 

6C0JN MEW OATA CASc 3 **i.' 


29,9 U.S 

--J9.0' •* 12,5 

39. 11.9 

. 3S. __ 41,S. 

CfivJwTt-n> 

m i »»e.o 

u ”L«iVe tiv>i 1 w*TS" , 


dstv CjMjx- , 


■n IO eMTP line printer output corresponding to the solution of this data case begin*), 
ha shown on the followt!.,; page. It will be Rioted. ***** there is always printout 
of a sorted line-conductor table, before printout of any. of the requested matrices. 
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Instructions for Punching Conductor Cards 


TIME-SAVING FEATURES 

1J Identical conductors: If any of the first 6 variables on the 
card (phase number, skin effect, resistance, X-type, reactance 
nr diameter) are left blank (punching a zero is not blank!), 
rh' 3 variable value will be assumed to be the same as it was on 
the previous card. However, the horizontal distance and at least 
one height position must be punched for each conductor. 


2) Bundle co nductors : A bundle of K conductors can be identified 
in two ways. One can either punch a card for each of the K 
conductors or punch only one card for the entire bundle. Both 
ways are shown in the example on the' preceding page. If the 
entire bundle is specified on one card, ;then 


(a) specify the location of the centre of the bundle in 
the fields for horizontal distance and heights, 

-'(.rw.Tt’Vi 

(b) specify SEPARATION of < V 

adjacent conductors of a u 

bundle.(inches). Bundled * i 
conductors are assumed —i-4 - 


•/> 


-tor cwmc ion 
ex 


to be arranged on a circle 
around the center at equal 
distances, (or equal angles). 


\ 


entra? 


I 


(ch specify ANGULAR LOCATION exof Ifirst conductor. 
Positive angles are measured counter-clockwise 
from the center (see sketch). 

(d) specify NUMBER OF CONDUCTORS in the bundle ■ 
(this variable plus'.separation determines 
the diameter of the |jundle)i : r > , 


EXPLANATION OF PARAMETERS ; ' . ' . 

. * * ‘ \ } r * ^ ’ 

A phase on a transmission 'line may copyist of more 
(b ^‘ dle conductors or parallel connected circuits) 
M.mi 5r?F NJHbwRfines to which phase the conductor belongs.; 

t0 H consecutively and use *0» for ground wires 
Conductors with phase number **0 W will t,«j eliminated as ground wires 

one’nuSivai^ W K th x<i * n \ lcaL phase »* u ‘«hers will be bundled into 
sner-itinriin^ phase conduptor, no master whether the bundle is 
If P^SE NUMfl?r< C n n ^ ^ card or b ' individual conductor cards. 

(helpful in M ehLL° °°» d «ctor is regarded as non-existent 

.\neiptui in change cases when removvng conductors). 



Skin Effect Correction : 

= d, if no skin effect correction is desired. . 


X if resistance and internal inductance (the latter 
D only when XTYPE*4) are to be corrected for skin effect 
with the formula for tubular conductors, whereby 

! • 1 

** . " ■ ’• • ; 

, T w thickness of tube L 

| J 1 D diameter of. tubular conductor 




’ , i., 

Note that T s conductors* 

» ' D 


Resistance: Conductor resistance in n/mile for direct c urre nj- 

for specific frequency if there is no skin effect correction;* 


Reactance Data: 'There are five options for input of reactance data, 
deoendinc on the value of X-TYPE. 


depending on tne value or A-urr,. 

XTYPE.s 0: Reactance for 1’-spacing.* This is 

regarded as the.'correct value for whatever 
frequencies may be defined on the follow- 
. . * ‘ ing frequency cards. 

-1: Reactance for 1’ spacing at 60 Hz.* if 
.frequencies other than 60 Hz appear on 
the frequency card'.*, the reactance wxll 
- , be changed proportionately. 

• ■ ‘‘ • ' . . $ r 

ss 2; GMR (geometric mean radius) of conductor , 

in inches, 1 

* . • . .* ‘ 

s 3 ; ratio GMR/radius * (is • 0.7788 for solid 
’ conductors). 


% 

•r|<M 

m 

8 «s 
S "m 

•W <0 

o _ 
a * 

tz 

•ft 

Xf 
r± e 

fig 

.« o 

M O- 


Reactance computed trom geometry of tubular 
conductor (defined by T.). Value for reactance . 

data .is ignored. ‘ This^is indicated in output. ^ ; 

Internal inductance is corrected for skxn affect. . 

- . • \ , 


» 

Relationship between Reactance for i’-spacing and GMR 
(geometric mean radius): ft**] . £ n JjL-~« 


l l * spacing 


(ft/mile) = 


i Cn r 



' Disaster: Conductor diameter in inches. ■ : . 

. 4 • t * r , 1 

^^^^/th^ : referen Ce H ^rk?n t Xh e (3 ^f*^g* ^ f ":i^i le - conductor 

as'reference)? n * *”* —»• ° f the S2r^uc^e^T . ,..‘ 

Height' at Tow^r ; 

Height at Midspan ; The Average tw»4»k+ *#' .. : i ’ 

as He I6ht AT~MIDSPAN ♦ 1/f x h fi??Ja2 f Ai h 2i^ ductor is taken 
If the average height is useda^inniit* ? dWE ?“ H P GHT AT MIDSPAM), 
jLn both fields- or* leave one blank r?***<£<! nc ^ same value 
Cnot* 0 ‘) then its value will 't Litl °? e is left M«* 
the other one), XA be * 88ume <J to be identical to 

Conduct or Name : Can be left hianv .t* .. •"' .■ 

Serves to identify conductor, for S^TS.^** l ' un ‘ : 


* - "h 


* * -A , 





V 



i 



? 

If 
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EXPLANATION OF SOME PARAMETERS : 

garth Return C orrection : Controls the number of correction 
terms xn Carson's earth-return formula for the impedance# 

(see also ,p. 45 )* 

H1LM SSh 1& : formally used (give# highest accuracy). 

Dee always, unless certain effects are 
desired. 

"O*': No correction term added (amounts to zero earth 

>1j As many correction terms are added as specified by 

this value (rounded to nearest integer), but not 
more than 31 if a $ 5 (see p.46). for a >5, eq. (3S) 
of p.vsis used. •, ' 

#/ . ' 4 

<1: As many correctidn terms are added as are necessary 

to getsuccessiver corrections terms (in cgs units/cm 
as defined by Carson)' smaller in magnitude than this 

+h^ 6 4 -i f a - ? *. Fo £ * >S e<l * i9 V *® used * M °te 
■ ;l that the magnitude of the correction terms is <0*4 

cgs-units/cift for resistance and usually of the order 
iu° reactanc e* Therefore , tt l* in col. 28 yields 
the highest accuracy of 10~ 6 and does not cost noticeabl 
computer time. 


blank: 


Automatically set to 10“ 6 (is equivalent to "l" in 
cox, 28), 


To. G^t. . Note that all output options (columns . 
37-4?~and 54-57) are independent of one another. 
Meaning of these matrices is explained on p.ft. * 


Capacitance,Option t 




0 or blank,«rail matrices indicated in col. 30-35 will be 
susceptance matrices ioC) or their inverses,. 

1 =;/all matrices indicated in col. 30-35 will be * 
icapacitance matrices or their inverses. 

5^ 10 57 : The pittance and/or impedance matrices will 

• »S«f^i. S ” un 5- a<imittance *impedance) matrix and the transfer 

ml?? 6 f^ im £J d3nc J } matrix o£ equivalent multiphase 
. t-circuit for the untranspoaed line, r 




Jrounc 


0 or blank * Mormal 


Segmented ground wires {interrupted at certain 
intervals). Since segmented ground wires cannot 
carry any current if wave length >> length of 
segmentation interval, it is felt that the 
segmentation is best handled by ignoring the 
ground wires in computing the series impedance 
matrices and by taking them into account in 
computing the shunt capacitances matrices. This 
technique is activated by "l” in col. 58. Note 
.that this approach may not be valid at higher 
frequencies. 


Parameters for Special Outputs t 


See P. 17 for getting mutual impedance between a power 
circuit and a communication line. 

See P. 18- for getting the frequncy-dependence of zero 
and positive sequence parameters. 


Ilk 1 


SYMMETRICAL COMPONENTS ; 

Symmetrical component matrices^^^^JJJ^^has^circuits? 11 
. the assumption that the circuits are p s hase quantities) 

The well-known transformations are used U,n,c pn 4 




I I »¥v* 
k t M 
Ja x «JIV« 


cvrrt*ls 


VI fl 

end \ * h ' o' a . 

yj It a aJI 


4 IK m * e f 


(•*-«? < %'‘trz!r 4 

,i. 'tc.**^#***^ ' K* /fat /pp /' 


rr^phaae circuit <iwe. next 









f SSgEffi . thc of phase* (* equivalent phase conductors) is 

STtiTn it is assumed that no. 1, 2, 3 form the first thre*-»w 
circuit and no. H t S f 6 form the s«con<T*thre«-*phase circuit Th« 
symmetrical components will be those of each circuit ^d thi 
coupling between them.* If the number of phases were 7 

sev nth equivalent phase conductor would be ignored^as non-I!i2e»»+ 
in computing symmetrical components. 8 as non-existent 

.circuits with two phases (example: DC intertie) 
the 8y ® m ® rr,lc * 1 exponents are based on the following transformation 

V zero 8 *1<VV 


— ^ er 

positive 8 k l* V a + V * idanticai for currents, 


I and 

If 


y a ” k 2 ^ V zero +V positive ^ 

V K *k„(V -V i • 

b 2 zero positive . 


with 


(usually: ^ * H, K « 1, for nomaliz.d 


components: 


k, * 


1 * "TTT* ^2 8 77 — > 


the assumption that the linens 5n t** tower c °nfiguration with 
single circuits simply isnore unt ransposed. For transposed 
quantities (see p. 29) ^Ther**^ 6 ° ou ^ ln ® between sequence 

double circuit 1 L« I There ls n ® simple answer Ill 

impedance of tKo * P* has positive e-Ann *ther hand, the 

of the”Impedance of ^ “ rf S VxSS5S , .g u ? Un « and th * 
transposition sew C1 ^cuit. More detail? £5 ? +J ply one half 
on Influence Cal ? be f ound in « » P 1 these and other, 

dated 10/20/72* T ??f? SJ> °K^ pn Schemes on Positiv!^ minary delusions 

‘ 1 1 » 


. f \n 


If the user punches a "1" in col. 35 as well as in col. 39 , .-then 
the computer will also print surge impedance, attenuation, wav® ' 
velocity and wave length for zero and positive sequence (for 
the first three-phase circuit only if there are more than one 
three-phase circuit), as well as series impedance and shunt, 
admittance per mile. . 


Transposed versus untranspqsed lime 


. *• • . • , ' 

The line constants are computed for.the true towjer configuration, ... 
which is always untranspoadd. When the line is transposed, the 
Series' impedance matrix per-unit length.is traditionally obtained 
form the. arithmetic average of the impedance matrices of the 
individual transposition sections (analogous .for shunt admittance 
matrix), This "theoretical transposition" . is an approximation■, the 
exact results would be obtained from a series connection of the 
untransposed equivalent multi-w fe s of the individual transposition • 
sections (however, the symmetrical component impedances Would ' • 
have some coupling in the latter* case), y= 

For practical purposes the assumption of theoretcial transposition 
is imperative if the sequence impedances should be decoupled. It 
can be shown that the .sequence impedances obtained from the program 
•for the untraneposed line are equal to those of theoretical . 
transposition if'the coupling terms are simply ignored. A more 
detailed 10-page note on this problem is available from 
Dr. H.W, Dommel. •' 




CHARGE CASE 


Normally, each DATA DECK defines a new ! 6ise. However, the 
CHANGE option permits changes in the cdAductor data of a 
•preceding DATA DECK. The DATA DECK of fftis- CHANGE option is ! - l ,./ t 
S'et up as follows--':. -/V. 

1. One alphanumeric card with the word ^CHANGE w in 
the first 6 columns. 

* • ^ • 1 r . 

- 2, Conductor cards in any order, terminated fey »:• 
BLANK card. These cards are interpreted as 
additions, deletions or changes in the *cohduetor 
» ; list of the preceding DATA DECK (of the same mm}* 

with the following rules: , 

A. Tf the conductor name (col. 73-78) can be 
found in the conductor list (established 
from preceding DATA DECK with modifications 
already made) , then the parameters on this ... 
card replace the old values in the list 
changes'*). Changes only apply to the 
first 8 fields on the card. The conductor . v- ,. 
name and location cannot be changed. To y . 
change the location of a conduotor, the 
conductor must be deleted and a new conductor 
entered. Of the first 6 fields, only those ■"? 
which are punched will be changed. Fields . • 

. i •' left blank will keep the variables unchanged, 

"* ■■ A conductor can be removed from the list by 

reading in a new conductor card with identical . 

‘ ' conductor name and a phase number <0 

'("deletions**} * 

. ’ b. If the conductor name cannot be found in. the 
. conductor list, then the new conductor is added 

to the Hat ("additions"). In this case 1 , all 
data must fee punched. 


Any number of 
BLANK card. 


terminated by a 



. . . 1 m ni‘ ~■ I "" wma ' *"** 

' I ppyift ot 


Th« output ahould bo loro or loos oolf-orplMotory. _ 
idditional ranark# houo boon urittan into tho attached oaoplo 

output sheet*. t? 

(at Elating of Condu ctor Cards 

4 t ■* sus-sris s&s as*. 

.& Stor h :i^ t: tb. input M. dock i. MMfu,, tb. 

ptaojq in th. li.tln* wili ninny* bo. 

conductor, iir.t oncount.r.d vitb pbno. nunboto^.^, ». 
. loilow.d by conductor awlthidonti J_P h 4 aetor . 

bundle*), followed by ground wire* (phase number - 

* ■ t 

lb) Lln^ Constant* 

Since ail fcttrioe* are aymmatrio, only value* in and 
b low the diagonal are printed* 


thie '’lower txiangplar’* matrix i* 
printed only. 


.. i m 

bn -.trie.., •» 1 !:r.nS , .;u , i;;!rnr ^iducto?:: 1 ^:^’ 

•iixv. ‘i:*:# ‘Ei&.sWV —*r v * 

each other* 



Real pert 
imaginary part 
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,vv 


' - fc . matrix .!.».»** * th «*“ 1C ** 

art d flood as follows* 


.. . mutual impudanoa batmaan i and k. 


I 

*i*K 




z i, i 


self impedance Of i. 

The matrix alam.nta at the »««•»*•"'* <or W’ lt ' no ' ) 
matrices per mil* are dafined a* fellow** 

iipf!' . i. negative value of auaoaptanoo between i and k, ... 

L i #k ■■ Tl 1 

tuc' - sum of all suaceptances from i to all other 

A ' A conduotore and to ground'. ' 

Hot. that tha matriee. tor aymmatrioal eomponant. hav tba 

:r:.rJ:;«u? <srnr»>“oru # ,i*~u «. . 

makes these matrices symmetric* 


( 0 ) ( 2 ) ( 1 ) .. . ( 0 ) ( 2 ) ( 1 ) 



Prom thia row-and column numbering ’ 
it follows that , 

,zi , - *l\ within any 3-phase oircuJ/4 
1 , 1 21 2 Vi 

within any 3-phase cirouitT 


X' n 
ItO 

etc a 


Z 0,2 


If the line is transposed* then assume all couplings . . 
between sequences to be zero* except between aero sequences of 
parallel circuits (see secticn S). Note that the capacitiv 
couplings between sequences of the untrensposed lines *t% cosiplox 
(this is why the suscoptanc# or capacitance matrices par mile Cor 
symmetrical componjents are printed complex with an imaginary part 
which is zero in terms that do not couple sequences)-* 

If the user asks for tKe susceptance (or capacitance) and 
impedance matrices per mile for symmetrical components* then 
additional sequenoe parameters are printed for the first 
3-phase circuit (see attached output sheets). This output la 
primarily intended for single 3-phise and 2-phase circuits. 
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Special Output tor Mutual impedance Between 
3“Phasfe Circuit and a Communication bind 


o a 

Xm> ft* 2 

,r »t 

II £.4 J» 4 ; 


hm ctmtnuwQ+Ww h$w 

currents in a throe-phase circuit induce a longitudinal 
voltage in the communication line no. 4* (the three-phage circuit, 
way have bundle conductors and earth wires). The induced voltage 

“ *v**W«W. <» 


If the phase currents are transformed to un-normalised sequence 
quantities (see p. 2d)*’ 


‘sere 

l 

positive 

^negative 


i til , 

\ a .tfo i a oe* l a , with a* 4 

L / a* a : I. 




then &V 4 a Z g ero/ 4 * X aew| ^positive/ a ' * positive negative/* * ^ 1 

^ztrs/s “ *4!* + 

^positive/* = ^4/ * ** s ' 

^ negitiva/4- * *® ^ 4 e * a **" 4 j 

The ahsoluto values of' these mutual impedances will be printed. 
Hoto that these values would have to be multiplied Y3 

i 

if normalised sequence quantities were used. 

How to Obtain Special Output t 

FORMAT OF SPECIAL OUTPUT t 


Mutual Impedance 


Positive • .00008 ohm/mile 
Negative - .00007 ohm/mila 
Zero « .0209 ohm/roilo 


{1> The phases must bo numbered 1, 2, 3 (bundles and o rth 
wires permitted)i the communication lino must be no. 4 

(2) Punch "l" in column 59 of the frequency card. 

ik . 

impedances of eq. (3b) as well as the impedance matrix 
any ph * B * conductors are printed* in addition to 

condue^^ output requested. If the number of equivalent pha 
_ th La VHequal 4» then the special output is shipped {all 

’»**#![* i# 0 printed^ Wt * iU * UU bo ««*rect) *»d the following 

EPBClAb ObTP^ *>* ****** NOT * 0 *„!* CA8B 
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INTRODUCTION 




The line parameters of qwrhfM ^r/jnsmi^top lories are necessary . 

5.1' input data for more or less detailed s^udi'es. of ^r^nsroiasion line * .. t . 

phenomena* The simplest constants are s&rtqa. iirtjsedance and shunt i \ 
■y* capacitance for the positive sequence as! >,«•<?<& ’i*), pow$£. flow studies* 

These are usually available from tables, Often rjipjqa, detailed line 
parameters, not available from tables, are neededs*. Samples can be grouped 
according to the nature of the phenomena: 

• ‘f ' • . J 

(«) Steady-state problems at power frequency* As examples,* one may want 
!.« i to study the current and voltage dissymmetry on a long', untransposed 
lino or the uneoual current distribution among the individual con¬ 
i' duotors of a bundle conductor. Another example ia the investigation 

of induced voltages and currents in a de-energised line running 
parallel with an energised line (very important for the safety oj£j. 

’• ' maintenance crews)* • 


(b) Steady-state problems at higher frequencies. Typical studies a-ne» 

.. . * interference in neighboring communication linos, propagation of 

/ '• ‘ harmonica on an HVDC line and carrier, communication pn power lines*. 

•V . * i i 
•1* . 

(c) Transients problems* Typical studies are switching surges and lightning' 

surges and means of reducing them with protective gaps, lightning 
arresters, insertion of resistors in circuit breakers etc# . . 


> •• 


Line parameters could be measured «uwr »«ao uoo«» ««*,«) 

Rowevor, some of them ere already needed in the design stage; therefore, 
they must he computed beforehand. Even after the line lias been built, it 1 
ia easier to compute the parameters with sufficient accuracy. 


'cd after the lino has been built* 


. b. 
» . 


The following notes explain the basic formulas used in the digital 
computation of line parameters. Computer programs should be as general as * 
possible, that is they should alaow for .any number of conductors of which 
some may bo bundled and others grounded, and for any frequency and ground 
resistivity. The theory for such programs is scattered in many papers 
and Is seldom found in textbooks because most of them are still geared to 
hand computations with special formulas for each particular case* A good 
summary is the paper by M,H*.Hess© 00* 


g* LINE PARAMETERS FOR PHYSICAL CONDUCTORS 

Fig*! shows the tower configuration of two parallel three-phase 
circuits with twin bundle conductors and one ground wire. There are 13 
conductors in this configuration. They will be called physical conductors^ ; 
to distinguish them from the 6 equivalent phase conductor® which are 
obtained after pairs have been bundled into phase conductors and after .. 
the ground wire has been eliminated from the associated equations, 

• • • • . . . ’ % 

4 - * +. . * 


'■'j* ' 



I 







9 to 
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Matricos: 

fz *3 

IP'J 


-*rr w h iT* - f 

i;-::p:!±r.::b.i‘.j.j 




13 conductors 


XFjLil | 


1 

IfVJ. 


c=i> 



4> 



6 phases 2*3 syrm. 
K I S|X|U,Y > V. coaponcnts 


'/7^WV7777T/7T/7777 


Fig.X tine parameters 


2,1 Series impedance 

The voltage drop along these 13 conductors Is a function of the 
currents. For ac steady-state conditions, phasors can be used to express 
this voltage drop (negative sign on left hand indicates drop) r *) 

'#] r^u.i iri, i 

~ '"ET' » tv. ... 2 ?*.,, • t 2 


>Zi ^o. 



- ZU 

K.. ?.u 

•■V 
• * - 


vith Vi » voltage (phasor) from conductor i to ground, 
X; * current (phasor) in conductor i, 


or in the general case 




OV) 


with 1^1 » vector of conductor voltages, 

LIJ - vector of conductor currents. 

lfttpedano. p.r U nlt ly gtt « th, ^ 

«M p sjs dp,,r v * u Br * ek « t ‘ 
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i/ 4 ;: srs && 

co«plln«. ThB* •« w5I°thlcb tat» place In the coupling- *11 
de.c.ihe the phene ehilt »***" , p , #ll „hi c h eeeunee that 

element. ate calculated with Careen e l bol)Bd , a by , Hat plane 

the earth ha. uniform „pl.in.d in appendix la. 

with iftftnltc oxto » derived from catrson's work by . 

The formula* ! t wo terms in an infinite series, 

retaining e* 1 * th0 fte * t fr »« U encV and for normal conductor 
This is acceptable at power f q wider spacing*, however* 

spacings. At b*9 he,: * r !!?ieulatione) these formulas would produce 

in interference calculations^ pu *pose program must hay* 

iitzii: ^ .«*«• — - 

also explained in appendix la. * h 

The cJonpnts of the «ort M . rm'cSttin lta?ast.rletic. of 

rBow try nr the toner eenrip.rttier, and irw^cert.^ ^ f(KW(ltrt0 „„„ 

the conductors ( resistance e lirternal inductance change with frequency 
radius). Conductor resistance and i n effect' correction ie 

flue to Skin effect. Thorefore^a fom l^^^ fomlla for tubular conductors, 
r»rr‘ricd.Af>i'ondix 7 wl*i™ a detailed description of the 

which also covers the soli tors ; can be approximated by a solid 

subroutine SKIN. Stranded conductors can eel-reinforced aluminum cables , 
conductor of. identical cross-section. eteel core ignored* Note, 

could bo handled ftS tubular condu- w at high frequencies 

£Uor, that these ease study of this problem 

where morn accurate formulas may. oo 
ia shown in appendix 3. \ . 

7.7 S hunt capacitance , . - 

The volte|-oa cf the 13 ^"‘^’t^'onUlUona thTwlstionshlp i« 

.h. charres. ror ac ST.eaay »v« « 

ti* O' 

kk. iia.i • ■ 
it' 

,Hh « t - ciuirpe (Pha.or) on conductor per unit length, 

,r in the uenerel cm. 

n,o cl emonto ot Max veil'« ^'^‘^^--^"n^ti^e^tL^nduCtor 

ccSputcd fro. «* ^nSndL^.^I SU tfl » *»- MtriC * nd r “ 1, 
radii os explained in eppetw** 

The invorco relationsldp . . 

trs% -rr*irvl W 



r>* n 

' VtV'V 

■ 

K.u 

a, 

* 

^ * ** 







■; r '* -vm,', 


„„„ th. cp.clt.nc. wtrlx, «hlch 1. th. tnwrM ofth.pot.nU.1 
coefficient matrix: . „| 

IC’KtH _ •••■■" 




» 

A suitable inversion technique is the Oauas-Jotdan process for matrix • 
inversion with advantage taken of the symmetry [3J. This prooess can 
easily be modified to handle matrix reductions as veil, which is needed 
later for eliminating ground. wires and for bundling conductors. Appendix h 
describes the subroutine for matrix reduction or inversion. . 

The capacitance matrix LC-* 3 is in nodal form. This means that the 
riiaron.il element C c - is the star, of the shunt capacitances per unit length 
between condudor i and all other conductors end pound, the off-diagonal 
element C-’^ * C ki is the negative shunt capacitance per unit length 
between conductors i and k.Txample for a 3-phase circuit Cojs 


l.W *?Me 






O* O 1 Of- 


ftr/sS/S/T/ 


^5/77 />7';v/v»V>/ 


U*M -OU*tS -O.WS 1 
[C‘)*\-G.1G1S \ \1V\ -O.IVl* T/Wlc 

u J 

For steady state conditions, the vector of charged (as phasors) is 
related to the vacVo* 

l«l—. 

Therefore, the second system of' differential equations is 

« 

, + , m ®J r } ces { or ftl1 physical conductora are an ideal tool for 
studying unbalanced current distribution in bundle conductors [21], 


(S> 







■w t 


ESrXSssrf Maw ;>■ 

in Fig . 1 , 

for rromrtii^ 13«' %••* ». W >» V »*6 * W * 

ft ‘ ‘“* .*T »"T A£b-* lp-» ^r®* UA 0^ t OmA. 

f r buwUinp 1,2 into P^se R * t Ax Ax Ax 

Su*Qu*&*».^‘V^ 


: : :^|.". 

'*'<4ixi^ 
: : a.?*Sv! 

, ■ ’ :.,*V - yi :..y l {: 


■ «».» *?■ . *» 


■• ' ‘ * t •> 


. f 


, ,t 


etc# The 
«re often 


reduced watrice® 
called matrices 


(in Fig. 1,6x6 matrices) 
for the aguivalent pha*« conductors«. • 
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■ . i4> / - ;• • ' ’ 

left hand side. This is accomplished by eu { < * ra ctlnp row 1 fron rova k > t 1 m, 
Zoro is prWuced because AM: - AMl *~ 

Ax AxT 

etc. Apain, the chanpea are indicated byy shading* • 


: 7#i 

<■ \ 


■ 


-v; 


• ;•. .tv c 


# 




..— subtract row 1 
j from row* k,X , m 

(row i remains unchanged' 


The equations oro now in a form which permits elimination of 1^, 1^ 
as explained in appendix h. 

3.?' Elimination of q*oumii‘wlres 

Apain, the mathematical process is analogous for the system of 
eq. (j ) and (2) so that it suffices to show it for eq. (1) only. Let us 
assume that conductor j. is a pround wire. In contrast to bundling no 
preparatory work is necessary for. elimination of pround wires because the 
matrix already has the form required for elimination (left, hand side Ml . 

ur 




O'). 


The assumption y is correct as long as the pround Wire 

is prounded at distances much shorter than the wave length so that no ' • 
potential ectn build up in the wires. At power frequency this assumption 
.is always true. At very hiph freouencies, e,g. in liphtning surpe studies, 

t/ds may not be true any more. In such cases the pround wires should not 
be eliminated, 

hi koducod system for equivalent phase conductors 

, ♦ 
n . «t ?hen ^ 6P 2 °i ®? ction 3 * 1 has bee « completed for all bundle conductors 
1 t! i^! 1 , r s and S6Cond ' third,... conductors of bundles have 
the fom d th ° laSt roWB ano column8 > th «n the equations will have 
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inor .Urtwttie •***»« i" •*»"«* •>» the ”*** •?•*“ * w 

the equivaJont phase conductors 

. ■. -^]^-z;w][v*l b) 

2,8 obtained;with I’SpWeV ,^tasel"r«A.xwfcl 

conductors *ha phaaa . 

aquations would be: '•■'?•/ 
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"2k A\ Ar A» <k.e An 

•H^ -2U -Hk "2k 2k 

*2^ '2i' S 2At *^-tu ^tv *2*tw 
^Vu. *"^ : uT *2uu 2.U.W 

•2-vft. 2 v^, "2.VJT *^VW. ^vu 
. 2\dft. 2W ”2 wy 2^inmu, ^2-ww *2v»w 


a tliroe-phaae sirpla circuit with phases A,B,G, eq. (7> *°uld have 


' tVvi* • 

1 an : 

>\j g 
Xk j 


■ r 2k As 2« ]|l» 
* 2<U A* Ac t» 

A A* Ac.K 


_ , . j. thft series self impedance of phase jc for ]M ie 

ir -'r ( ra.^^«H^o K 

*! cMso^is n“nL^m« sequence^impedance* If'» ajaum^aa-natric 
Seffl tfV^WpL.. ain K l. circuit, than the curnnt. ar. 

‘Ift* «?!* *»k Tk.* ** e ’ 

This fives - 4 O-^ac')^ 

»•*. -- * 

.. ' rtescribinr the normal eymmetrio 

C^ t ?k i :r t rhaKi:^.'ir?rtS P rinStr h aaarep r rase„tation eP 
symmetric threo-phase operation* 

* a*sk 5 rt *■> 

with the following correspondence* , 
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’. * Uf- *■ ' * - ‘« r -,* r . **•'•,’: •** ' .v ,* V* ! . ■ ' *v,'V.t 

v ^ • " • , ^ ~ , 'f 1 ,! j » ■,v \ * • * * y C # 5 1 4 7 ) y ^ ». 5 

. *» (2) taJws tho place of ” tl3 t:>\ ^ ••'•’V-'';/jV ' ; i' 

£?"• t«W 3 ■ L ^^fWotf^u^ * h » 

. oncxier Matrixo *"^ tMAwti *“ u4 ®* then inverts • '.'.vs.v-'\ 

• • • - : .;•. l \c? 

^ . . ; . i * : ‘V** '«? • J" **•;»• l II 

,“ hc ™?vc<id matrices for the phases- a*a an +««*> <* • * _, • -‘C,'H : 

^.-v^sces in the phases if the line ia not trananoaL* * or ^3^ 

15 v: '-^ for switching surges, . naposed, at power irequeney, ,.. ;.\,- ,-:V; 

.^.'jl’r g^vNOHtfT FtODSS 1 ’* ■ : '. '• '•'■ *;. '.; ... V 

• . . ■ : ’ ► '• /' 

...r. what follows it is assumed that the l< na i« «„«- +«» , ' • ’ ' 

-onpch of a transposition cvcle •>« rm J - m^b*h f Dt npp08ed or that • ', . 

'• u Ls alwa .v® true at high frequencies^herefor^ff 1 * J*?? tha Wave length, •:,■•* •■•" 
'■*<"**** “•O for radio fr.,oanoy pr obl °”a'. ‘"‘"’i Uctei< > ms 
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^^Owaily,; the two >*trix predate y. 
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V£- : £ : ': Bo, (ll) and (12) arc difficult to solve because all phases are coUpied* 

' ■ _ ma thematically* the matrix products hayd off-diagonal• elements • *t M ' S-V • ■ 

possible, however, to transform the phase quantities into ^rtOdal . ^J*^* 1 *® ££$£' 7 ^ 
j-\j ^ and £X ^ 1 in auph a way that the associated matrices are ■ 


> •?**> diagonal, 
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tttl ^ 


Wk**» ■ 

In the mode domain the system of M equations breaks down into irrfependent 
(decoupled) equations* Bach mode can then be solved in the asm*J . ■£,?? 
single phase line, the phase quantities are chapped to mode ouantities and ., • 

vice versa with a linear transformation, for the voltages this is , y. 


and 


Then eq* (11) becomes * "WV. 

/ ^ t1I.^vme4Utl; . L ;g|| ^^ /v 


•■•> To find the matrix tSl which dlagonaliaes WpbwelC^C^jjl ir•* 
fundamental problem in matrix algebra, there are standard taotmiqueir . 
v available for doing this. An efficient algorithmfor finding tpe eipepf» ';[')'?■ 

values \(j which are the diagonal elements of IM 1 ■ ■»' ., ■• ( , •■ ■•. 
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Vflivios is tha inverse sor given* -eigert*^ % 

transformation n.tr” C«“a Jo’ *« *“**••«» &J: 
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mode from * 
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oow-eapondin^'equation ojT a sinrle phaae Hne^ 
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,v -V t b ■ J- ( ; ■ .. ^ / . • 4 r a*../ ',M. 

• av'.'-v -'■ . ^ v - >•:" ‘ ,K •• it- 
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■ reason,-: it --is. generally--ho.t 'V;'’'" ; }- : ‘ V 'C' % v' j 

; ’’•'• *• ' f:. l °r,' • ^ ^,, c00 ^^ i '«te / O ojo'. similarit-y' ', 

_ -..A «\ .1# /J 


... . ” W 


Which la 


W see that the propagation constant ^ of the independent inode nraii b* 

; ■/'■ ■.' • ' • *-'m \ «* 

with Re \ <2^1 * attenuation constant, e.p,, in neper s/mile '<* ■ 

» phase constant, e,g.> in radians/mile 

The surge impedance of a mode is not uniquely defined .bezant® the 
matrices C^3 and tT3 are not uniquely defined if theyare not normal!aed, 
Let us recall that the surge impedance of a single phase line is defined 

by . . ’ Vl 

■2 . y fckgvr 

, «««e \ i»«c* 

V * • * 

To find the corresponding expression for the modes, the series impedance ’• 
™f 3 x .nd ' 

mu 3 t first be found in modal ouantitles* This is done by transfeminp (9) 
and (10) into ti» modal domains, . 

-L%*j tW ; ■ •. ~ 

t..y?. ■ . ,.-J ^ 

• C^Wl ^ ■■ • . ;V, 

. - t ^3 -: 

. ■■■ up i «'i mi i«i<hi**M» ii(niiii » 

Both matrices are diaponal, vhich oan be seen by ineertin* ^"^^nonnalizad 
from (19) and (l0)s. j V *1 

t'ZLi.l* &tMErt '• jz h I ■ 

«*S., . ”'*• 

* ' Iwk 


« jaA. t.4CoCL^ r l» a mt CDl * 4^ NU 


^ . 4 . '1 


therefore » pet . - \ 
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iS, 


i V-‘ 


t‘or unnormalized FT] ., set all d;«* in eq> (21). •- 

r?? 31 anal y| ia ha ® been used to study power line carrier 
problems^ ClO, X > 17j as well as radio noise interference fl8.19j 
It is t interesting to note that the.modal distribution in single 
circuits with horizontal configuration is practically identical 

, c ° m P° nQn ‘ t8 UOJ • fig* 2 taken from Cl9] gives an 
intar^sting picture of the distribution of mode currents in double 
it r T^ •^ ;i - nesi a t 1MHz (each mode is independent of the- others). Note 
that the mpdal transformation has only been defined for one specific' 
frequency, in general a different transformation must be used if' 
the fn v.uAcy. is changed. 



n) ,. n . mlf , rhi ® * eads to difficulties in studying transient 
phenomena containing many frequencies. In time domain solutions 

forced JO assume that the transformation matrix does 
g€ <S V ? r \ certain frequency .range. In frequency domain 
solutions it is always possible, though costly,to find a new ■ 
.transformation matrix at each frequency. 
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BALAHCEP LIHE6 


Power lines are transpos^ to equslUe^the series 

-'impedance and shunt capaci/or^currents. Transposed lines can 
S^SSSS much°eaefer “m symmetrical components, because the 
‘ 3 coupXed equations in the phase domain, 


4 4 4 

• 4 4 4 
z„ 4 4 


r * 

• i« 


become 3 deoopuled equations in the *-»i» of symmetrical 
components, 4;V 'Kl-;V^ : 


v •:’* 

? ' V t - m • , 



^v,„. 

'•'f* 
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This decoupling offset is the primary reason for using symmetrical com- \ ' 

i W ®4 p it 90 ? vantitl *°- Xt should he ren ombered, however, ‘ 

that this simplification is only true for transposed lines. Therefore it 

IiSfJJ* f0Ol n i8 ; to 8 *? dy transposed lines “with symmetrical component^ 

^«^n4w«rf C ? UPled 4? qUa i tio Il 5 f! i he phfl3e domain ormodal transformations as 
described in section it should be used for untransposed lines. «, 

Theoretically, the line would have to be continuously transoosed to 
Such riin^cannot^rbonff 6 d ™* in ° f eymmirical components. Of course, 

«cSr 1 aVy S ? 0 t r t ?i* n Jr:“rh 1 ??. 0 % , | eC f *• »““ 

• position, aa i on9 #8 r lln<s * wlth Poetical trans- 
(a) the transpositiqjfj. sections have approximately equal length, and 

(b> ‘ ijljjj? 1 ? of V o " pl ? t0 ^aneposttion cycle (3 sections fo- a sinrle 

* l™£ll ^ SfstSdy. the Unpth ° f th€ frwjuenci « 

Oocawse of the second assumption symmetrical components are of little use 
in carrier problems; If assumption (b) is true, then it is Demi **«.?• *! 

cana^r ^ lw f wUmce » i»y twelves and to equalixe the af^t * 

capacitances by themselves. v u* : f r^* I - 

impedances because it iJ soiTffJfJSf* will only be $how» for the s’ rl e 
capacitances. «ft»l© 9 otts for the shunt 

Sal - Sy^ctrical compo nents for three-phase single circuits 

as f« 0 Jf rlC e th S 00 L p,i “®* Circuit there is only one way of tranepusUion 

as shown in Fig. 3. Each conductor occupies all 3 possible locations i*k,« 

within a complete 
transposition cycle 
of ' sections 1, IX 
and in. The voltage 
drop per unit length 
Is the sue of th« 
wet tape drops in the 
3 sections.''! . 
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For each section the aeries impedance is 
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If we define. 


>W 
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' ^ 


cm): 


than ve see that 




•?U ^.iV 
"9 \ *»’ ' 3 * 


Renenberlni! that Z^ - ^ •*>• 1" $**>'. ,.na introducin, av.r.9 
* 0 * self and mutual impedances, 

, aid* . — * — 1 * ■'* 1 v 


• value* 
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one pels 
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wber. all i el Tv« *mfr. 5 oof *' 

Symmetrical component, ar. obuincd throng the liner transition, 
{identical foi* voltap« and currents) - . . 


... Pi 
1 : . |J> 1 
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with a - e* IW# The sequence quantities In {?h*)*r* (9hb )>■£ 

normalized* Often, unnoimalized quantitiee are^eedf then the ****** A** * 

(?ha) la 1/3 instead of 1/{T and in (m) it U I instead of V«* 
With these transformations, eq. (??«) i« transformed Into 

tK *' 

>. ! . \t I- ^.— ii«r~ 1 1 ^ i 


with 




r-2* i 








^he diagonal fonder the matrix in the <squations .. 

do indood become dooowplod# ^ * 

■* PeaiUve and negative sequence quantities are identical. Jho zero :• 
and noni five sequence series resistance and inductance are a function of 
£ £££,'T35. to H* 4. Ml «p»=lt. n =« mtrt^ »«. independent. 

of frequency. - 

Pra ctical computation of scoupiree quantitiest Jt is not necessary 
to carry out the averaging process of cq* (*?2bJ. instead, the sen.cs 
impedance matrix for the untransoosed line can be transformed directly, 

yielding . rrrm 


* Ztmi CmV tn* J 




’i*-** ] (2p #v } 




“'nt* ’1^1 


iw.nn 


%-Tji 


This is the matrix which is produced by the line constants program. 

• If the line is-transposed * simply , ignore the coupling terms. 

The diagonal elements are the desired sequence quantities. The off- 
diagonal elements are not zero an:,-more. Their values are useful for _ - ■ 
untransposed lJnea because they show the coupling between sequence 
quantities. Often, unbalance factors are derived from them 12?J, such as 


;■ | -—*“*ero I / •” 

u»UtVv \v AVt ^tvewsl cauqU** -Vna iim au^uinte 

^Normalization has*no infiutahaa on the sequence impedance, because the 
factors always cancel out it* the product; £Zp.natsc-J VI Sj.. However i 

does influence the sealing arf sequence currents and- voltages as express 
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Computer programs usually take advantage-of symmetry in the original 
matrices for all physical conductors and in the reduced matrices for the 
euwivalent phaae conductor* by computing *ntl jtorinr elements 
below the diaronal only. This cannot be done directly for J in 

(j?6) because the transformation destroys the symmetry. However, x 
Shipley proposed a scheme of exchanging cartain columns in l 1 

which preserves the symmetry [l,23* For K three-phase circuits, • 

'.*< the result will be in the order * 


1st 2nd 

. circuit ci rcuit 


lot | fsv 
circuit | 

2nd f *** 
circuit { F* 1 


matrix symmetric. 
With rowa and 
column# In 
indicatad order 


Cbviously, the equality ’ -a 1 „ -a* -j. 

' ******* ***■' 


% ’ „• • t 

.. ... 


must be true. 


Karrehbauer's transformation 


Sea section h.l of SUPPLfcIMEKT to paper "Digital computer 
Solution pt electromagnetic transients in single and multiphase networks" 
by H.W. Dommal, dated April 1970. * .. ,. •» 


5»h Symmetrical components for two-pola'<HVDC line ' v , ( 

. , • * . . ■ 

The idea of symmetrical components can be generalized to M phases. 
Therefore, It can also be used for two-pole KVDC lines. There are some 
arguments, however, whether it la wire to use the words "symmetrical 
components" and "zero and positive sequence". Indeed, zero soouence and 
positive sequence of a two-pole symmetric line are identical the ground 
mode and metallic mode of Karrenbauar , s transformation, 

There 1# no need to transpose a symmetric two-pole line with con¬ 
ductors at equal height, because the impedances are already equal, with 
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Transposed and a Inal -phage lines 
{t is well known how to dompute V ixaM [ et flnd Y «hunt for tho 0inel ® ?hon0 lln ° r 

* ' \ f *sa 

^transfer " l * M Y «hunt * (A ' l J *^trwsfor 
with A » oo®h (* ^y *) 

B - |Soinh (A^ 

J m \N m ABd y . 4 for a ninglc-phaao line ao . 

fig# O shown z tnu»i>far v *tran(i^>r * hunt T 

A function of length. If tho linc-lc^b io abort, compared to tho wavo 

length, then 


m ) 

• m length of lino 
js*"Oerieo impedance por-uni-t length 
y»*ehun,t (Admittance per-unit length 


^transfer * 


0 


« ».#' 


tronofor 


fpr 3 <<\ 
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This in eomotimeo cal led ifc? flowinal it in *> xuct equivalent 

It, ' 

For transposed linsf each sequpfleo if poinpulfcpd independently with 
oq, (2d), tho solution if ware difficult fop untrannposod linos, in that 
ease, the scaler equations (28) can fe generali*od for the multiphaao 
1 ii» by using eigenvalue? jQtJ . A different approach ie used in dpa * » 
program# which was indicated in a discussion fco rof, 4 by W. F. Tinnay . 
First choose an incremental $ $ yhio|j if $ frapp enough to feify 

the us of equation (29). 

Ths respective equivalent fgp length A* than hftp * ^3| 

IjiO - aopipn i»pedhhPP metric p,»». Xen ih 

.( VO - ohngt frdmitlftRtiO matrix p.u.' 

' ’ f 

If two such equivalent# r-e 1 * 0 ? ppnnPfiMMn ppsplPd (Hil'Dt one gat a « 
n«w equivalent for U,u doubled Ipngtft ?-.xs after i)iuirmting «h& pnanivo 
‘•inner 1 ’ nolo* (>) in the ojritpn» Jfj no.)q) equation#, (In efficient dimi¬ 
nution 03.#r.ne is. explain.;! ifl np|i|3i{dix {>. donning of tho length by 

eorina con.u-ntio '1 of Ui*. latent p™iv;Opnt# tfUl finally lead to gnequiv- 
alent for the 4n«ie.nt p. ■ yip ante for ^fl. ? A«. 0 an, ... 

t r.o is chosen nuet* tint ?• 48 a $<. *)Vh k - pani \\ vo^hipgpp. in ordtr 1 to 
arrive exactly nt the length <t), pounds »wa|. pt* iqifpn i'ntp geoount in 

the ohnioj of anj on oriu h u»d it f-hpuld ,\>i> m^} \ plough to jpuUfy the ueu 

\\l tts tl 
procud\\ 

I. » *■ n - t *.y * f v .v.-t ^ 

ttia inylo-ph/ias line of Fig.-o ooaptre nt 600 sileb kitti'ihy exact vulnou 
ae follows (ae was f2,5 miles)i 
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through successiv« doubling 

exact 


*» rune for ln “ ,ho 

0.16000* ^2. t>001 

0.16800-42.500J 


Vhunt ltt 1M * ho 

0,1>546*42*tt>7>- 

0‘t >548^2.8074 


“«• f i0 ° “*“J 1" r.f. 4, th. r»»U. hud « 

■5?ovfiL !i? t ? n I 0 r >.w-4 „ UULimm ,, h „ 0 „. ror 

«f V.OJ in tho transfer impedanoe end ehunt admittance element a. 
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SCREENING MATRIX 

In interference etudlee currcnt"inlhe 

b. known. HJ*U*** in the •^'„ turn , partly through the fronnd 
Xj wire. This ground wire current cancels p 

of the voltage induced in neighboring 
: communication line, by tho_s.ro eeqnence ; 

l^^r- S5S& ^ c ^\S>onS «S. C juii^ed. 

' aiT?S«MeS d trSLtte»~ a'a^ne. operation, 

one would have a ejrstew of ? equations 

r_ » —i' 


“■' *, •* 


\ t\ *K ^iJUl* 

W * ‘ * 


-n 1 

.1 .-£*»-1, 
1 A 


thb second eoueticn perait. the recovery of the ground current l % , 

wht „ - 2»L la celled the . creeping 

’ ^ 

k , * « 

factor. T»» i«Pddat«ea are* 

*2^* r self impedance of ground wire 

V . mutual Impedance between rare eepuenc. bundle of phae. , 
conductors and ground wire. 

The Idee can ee.O, be generalised for the -ultiph... line. Let 

■ f . subset of .11 phases (after bulling he. been c^ried «*> 
q . subset of all ground wires. 


Th n 


0 


[ ndx i^V 

[ ?srl t^®sl 


fllrV 
n 6 i 


. • .r 


rra . thie, the recovery of currents in the ground wires is seen to be 


▼ 

Scroeni’.(j matrix . 


The screening mstri* 1. th. trsn.po»d of the distribution factor matrix 
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explained In appendix h. As indicated in the flew chart for REDUCT in 
appendix Ji, tho transposed distribution factor matrix and. therefore 
the screening? matrix, are directly obtained as a by-product of the 
reduction process.. • —* 

f **1 1 8ho ? s 5Uli p £ 8 ? e «®«*renta in the 2 poles of an HVDC line for 
the sixth harmonic (360 He) as a function of line distance. The currents 
in the two ground wires (LT.GRD, • left ground wire, RT.GRD. • right 

mentionedlbov^f?]! 1 ^ * 1S ° plotted vere recowwd with th « screening matrix 
ft* SEGMENTED nnPUND WIRES - v 

‘ ! •' wt viitf 

—*.**- t~ -Segmented ground wires are inter- 

A • A < ■ A A A ruptpd and insulated at certain 

JX. 71 A /I A intervals to prevent, the?flow of 

' "v ~ rr ^‘ Circulating currents. In effect, th y 
■{ . act as an electrostatic shield. 

t»v nA 4 im.vu " . * ' ' Segmented ground wires will not carry 

any noticeable current ae.lohg as^thewave length of the particular freauencv 
is much larger than the Singth of segmentation interval.'This is true at 
power freooency but is not true at higher frequencies associated with llghtninp 
eurpes. For switching surges it may or may not be true. P P 

?he nature of the segmentation is taken into account by ignoring the ' 
ground wires in the computation of the series impedance matrix but considering 
them in the computation, of the shunt capacitance matrix. / ^ 
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fig. ft. Currents of sivch harmonic-in HVDC; line 
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Classical textbooks always equate the positive sequence 
resistance with the conductor resistance (fbr bundle conductors 

resis tance Cor individual con ductor^. j possibly corrected 
R “ number of conductors in bundle 

for conductor skin effect. The values obtained with the exact 
formulas may differ slightly for two reasons* 

(a) The ground return influences the positive sequence 

impedance slightly which is not borne out . * 

classical formulas. The influence is usually very 
small at 60 Hz but may become noticeable at higher 
frequencies .1 

(b) The presence bf ground wires may have a noticeable 
effect on the positive sequence impedance. A 
particular case at 60 Hz gave 

R • - 0.0657 «*• /mile 

conductor 

. n . *. 0.07Q3 **• /mile, whioh is 

"positive *. '«• 

6-1/2% higher • 

. ^r^/'u.rvoft.u 

. the symmetric currents in th P phase conductors 

■ entirely fl, „ f, “t“ 

to the ground wire and, th remaining induced 

are usually not a * l 6 ^* ; ia ^ n g current (return through 
voltage will cause a drc 9 proportional to the 

ground) > the t and are accounted for by an 

positive ^ e ^ c ” c ®titive sequence resistance. This . 
increase in the posegmentation of ground 
effect will not nhow up With • reason for. 

wires. - As a matter of fact, this 
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n) Sorias impedance . Carson's formula 
is wood fprcalculating tho impedanoo 
matr ixtZ'l, It is based on the assumptions 
that tho conductors are long enough, so 
that end offsets may bo noglected, and that ‘ 
the oartb has uniform conductivity and is 
boundod by a flat piano with infinito extent, 
to which the conductors are parallel. As 
average height above ground the value 
"height at midopan + 1/5 of oag M is usually 
taken. Tho spacing between conductors is 
assumed large enough to noglect the 
proximity effect, The elements oflESare 
for the.self impedanoo 


i * 2h. 

2 ki w AH ii* * 3 .+ hX^) 

. and for the mutual impedanoo 

s 

2 ik* t Z ki a AS ik +"* (2W'10~ 4 ln^ tAX; k ) 

ik 


in ohn/km 


in crWfcm 


(30). 


C31) 


kki/ 


Withal.,* resistance of conductor i <for skin effect’see app.2) 
in ohm/3on • • 

■* height above ground of conductor i n .. +v 
S ik « distance between conductor i and image \ ?.? 4 * 0 samG 
( * .of conductor 3c • . f 

°ik® distance between conductors i and k * *° m 
GKRi* geometric mean radiuo of conduotor i 
(for skin effect see a^p.2) 
u> m 2n£ with'f»frequeney in cpo. 

The corrections aB‘ and &X* account for the earth return effect 
and are functions of tho angle for self impedance. 6 * & iJc 

for mutual impedance) and tho parameter a* 

a * k*S'|jp , ; k « *10~ 4 (52.) 

with S «{2hi for self impedance in m ' • 

iSi*^ for mutual impedance in m 
^ * earth resistivity in 6fcm~m. 

aR 1 and aX* become sere for a-**© (very high frequency or very low 
earth resistivity). Oarson gives an infinite integral f or aR* and 
aX‘, which ho developed into the following infinito series for 
a * 5 ; (rearranged .fer .oomputer purpose3 )j..uJ... ■ 
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&R* * 4*->* 10”^ ^ 

**0** ft* C0$6 it 

+bi dc*-ina)a i cos2^+4a J ‘8in2^3 
+bjaJoos3<> 

-d^a ,, ecs 4 <S> 

+b*C(ci Jua)a 6 coe64+4a*sin6<$ 
. +b T a*cos 7 <!> 

~a ? a*oos 8 <|> 


•* • 
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in 

4 

aX' = 4o • 10“^f 0 . 6159515 -la a) 

+6' 1 a'C0s<J> 

~dja*cos 24 

+.baa 3 cos34 " 

-b^UCc^ «ln a) a* oos 4 $+$a* sin 4 <jil 

+bsa*cOB5^ f$*\ 

. -d^a^cosSd # . 

+b7a 7 cos7<S> ft , , ft ■ * * 

-bo C( c<» ~ln a) a® c os89+^>a e sinS^j 

*•••} I 


«rrt.:vrrJtan. 




orf !»‘" r r.'~‘*rrv~ .as**'!* r •'• *- " , . . 

^ j-.^b form «. repetitive pattern. She coefficients 
■ b? Ci> 0< anI°*i B or8 constant, which can be precalculated and stored 
In’lists. They ore obtained from the reoursive formulas. 

V? 


b i * b i~2 rti+lj with th ® atariiin s vaXue 


.=4r fojr ©d4 . 

\ © suosenpts 

eT l for ©von. 

2 16 subscripts 


b.= 
b 


( 34 ) 


c i “ c i 2 + T * 1+2 v/ith th ® otartil) 6 value C 2 SS ^ 5659315 
,V. 


with sicn 1 * ±1 changing nftor each 4 successive terms (sign=+1 for 
1«1,2,3»4; si£n~~l for i*?|6,7iQ etc.). • 
yor a >5 the following finite series io best usea «. ^ 

ar* = [sssi -'&SS0L + ss^± + ls|# - 45|?22*). is^§?- (55) 
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0L + 2i|§§& * ilcosl^y 


4to* 10 
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0?he trigonometric functions are calculated directly Xroa the 
geometryi for conductors i and jc* 

h. + h^ . . ' x ik 

oos4> ik - —g— ar,d ein< * > ih = S ik ' 

and for higher tonas in the.scries from the recursive formulas 
n l 0 osiA a [a 1_1 coo(i- 1 )<ti-oos 4 , - a i- 1 oin(i-l) 4 1 - £iin(j>]-a 

r .i -I a V i rt . 


r.i~i 


cOs(i-l)<J’ sincl •: et^ainU-l)t->-cosA'J-a 

% Jt 4> f 


£3S) 


—. S Vt gW 'n”n<•■.r?h%Sco“balouiationh 1 - thc^parameter . 

fc^bosoacs e if.rqor ""ir.d*oo_x‘o aud'moro torma must bo taken in-o. 
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_ Mll . t • shows the nomVer of Aecessarj tcnns in <>5)^0 

§ %?'£■ .«f «[% «g & m±'T 1 

;nta‘£» »*»“*£-•«;mwmss=.“ 
= a= g 5S5rs: as a-raar a: ssar.». 

table f0 r a • li ««• $ * 0 


Number of terms error 

’* J - ‘.h\ 


jftp^roxlmete 
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• 'vv 
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■! 
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8 
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10 

11 

12 

li 

15 


111*7 * 

~?k8*3 % 

- 16.2 % 
+798,* 7* 
aej)l5*6 7* 
+36 *i.9 ( % 
-Ml. 3% 

- 72*7% 

♦ ?t*t% 

-15*0% 

+ 5.2 % 

♦ 1.7 % 

- 0*35 % 

♦ 0.U* % 

- 0.0*1 % 


15 ’• v#v*4 . 

•ooundii this was not explore.. ffla trixtC5is the inverse 

of Mi^^tr^lip^oemciente. ;. , ’ , : 

ol©merit is a ■■ \57) ; 
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Aqtut.wK! •/ r \ Skin effect .^^ fioft^laogg 

••f.* T h •‘Wer-ao ifiR frequency the current is mpro uoro 
«ro«?,;« wSSi ?hS* 8 «rfioo of the conductor. The conoowcncoe 
arc a:*, increase in tho resistance and a decrease iti the internal 

i*HlUwVu>1CO i 

!?;*.c total inductance cf a nonmagnetic-conductor per uni 
length, as used in oq*(30), . 

«a-io- 4 iftr in honry/kB *' . _ 

-emiit of adding tho internal inductance (due to ^lux 
inside the conductor) and the external inductance’(due to flux 

outside tho conductor), .• 2 h , ^ /w - 

r» « p.icf* in + 2• 10 * In # in henry/km. 

•"total 


*3 2 * 10 "*^ In 7 ".v , + 2*10 ^ In Y 


StJht* 


^internal ^external . 44M , t • +1’ 

Only the internal inductance ie Influenced by akin effect, Sinee^the internal induo 
ZZ ia only Temall fraction of the total inductance, the akin effect on the total. 

, inductance i« uoually email, except for large conductors at *’ 

akin effect on internal inductance iealwaye taken' ’ 
effect on tho rcoiotance) when asked for on the conductor cart- in bpa 
constants program. .. 

Mien skin effect io taken into account, then the internal inductance becomes 
„,gliS.ThS'r Au,noi«. Neglecting bot.vint.wal «rt h 

lusloiivit, at high fre,uencleo # the ln<luotilnoe_B»trlx 5- • . . . ~ 

•.tL-3-^CP'3 _ __ .... ..; 

V/it,h these 2 assumptions all waves on multiphase lines will travel 
at the velocity of light* * * . ; 

?hc increase in the resistance bwcause of skin effect can ho . . 
considerable.. For solid, round wires the skin effect formula is * . , 

well known. Stranded conductors can. practically bu treated as 
solid conductors of tho same cross-sectional areauH Sseel- 
reinforced aluminum cables may approximately he treatec^as tueuxax 
conductors, when the influence of the steel core is ncgl^gioie. - 
•it tho magnetic material is of influence * then calculations are■ 
hIoos reliable and moasurenonts should bo used* Since tne solid 
conductor is a special p gsevof the tubular conductor, the *ormuia 
for the latter is given 11 ^ for nonmagnetic material: • 


R *+3 wL j n ^ G rna ^ 


R k 


^ 1 / 4 _ 2 x (ber mjboi mr)jjpCker mf> 4 k£L Ml • 

~ *$*xO~* >t^er r «r+ jbePi^J+lther 7 mr+|kcT‘ af) 

• • (39) 


with 9 » - 


"be r' ma4> 1 b e i * n o 


:or > mq't*^koi'mq 


.’ and R* « resistance with ckin effect' included in ohm/kia 
• Hi r , « DC-reoistance in o*td/icm 

n * inductance with skin effect includoa 
internal in henry/km ■ ■/f7ft7h< 

t » outside radius i , 

q.- inside radius . In7/1 


Q » i 


freq in H* 
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'' 8 2 
1-S 2 


' 1 * ‘ ■ t •. , . ( » « , ;«• • .5* •*.• *1 * *r - J • - * ( '* 1 ‘ 

•1 •> • with k * QvlO~*-f C'.. ;; 

. .... •— -gpr ' • -— T. •> *« r' ■ 

. ■. • • ••• • •;.• t>c ; .. * Vp 


, The modified Bessel-functions ber (.,. )+jbei(.,.), 
ber *(..•. )+jbei'(...), ker(.., )+;jkei<... ) and ker’ (... )+5kai' (.■».) - 
"can be calculated with polynomial approximations [16^ ■ 

‘V . *' :V.N , •/ 


Note on magnetic conductors:' • \ ( > ! V. r. 

In eg. [39] it is assumed that the material is nonmagnetic. 

However, the formula is also valid for magnetic material if k. is 
redefined: 

■ t IMO-'t . ...... ...V. ...: 

K t?c ' • , " • ' •; ...v 

where /A r * re.lative permability.* Since yuj. is a function of 
frequency as well as a function of .the‘current (due to saturation), 
no attempt was made to incorporate into BPA's line constants 

program. Modifications can be made, however, for users who. want ^ 
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’, ' * * ► ♦ V \ ' 

SKIN(S,R,FREQ,RF,XF) ‘ 

- b * ” intcrn «l wlf tn 1 ap^niii n 2> t fSr 1 fcttbSlii ** *** ctanc « (explanation 

Th© solid found conductor la a *»*«#.? a«!!!!! n f?4 *?*? * fc «ny frequency 
Included. r **. ««•* which ia automatically 




tha first 3 argument* arc input ? 

8 m A a inner,radius 
** outer radius 

> 

ft - do resistance in ^/roile 

♦ 

PftEQ m frequency ip «a 

' * 1 \ 

The last 2 arguments are the results * 

* r - «o resistance in 4/mile 

X* « ao internal roactaneo in 

' , /mile at tha specified * 

.frequency. 


If ratios are desired* e«fn»ni.. .. 

aloulate them after execution with 


fa v 

M ft 

ft, —SL 
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1 internal-do 
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5055 913SE -3*Freq 


, u»ort ; Exnct formula <« *t.. * 

numorical procmVuro is also diner ln n PP p "‘H* where th* 
iin.ation from r< ,f„ A6 nil Kolvin nud^u ln tho Polynomial approx** 
by «ip/- ’ 0 Vl " .*"? n "" 301 or. multiplied 

V r0t «»«••»*« XS-* t. ovoid too l„r»o a*.,. 
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APPENDIX 3 


Note on Attenuation in Overhead Ling* 


References'* 




Goldstein,- A. s "Propagation Characteristic 
of Power Line Carrier Links," Brown-Boveri 
Review,tVol. 35, I'M*, p. 266, 


Galloway, R. H., W. 9, Shomocks, and L. H. 
Wedepohl* "Calculation of Electrical Paraa tar 
for Short and Long Polyphase Transmission Lines 
Proc. ZEE (London), Vol. 11,1, No* 12, pp«. 2051- 
2059, December 1964. 


CO Us er’s Manual for Line Constants. Memo of th 
, Methods Analysis Group, 

, ’ . ' 

Reference 1 contains measurements and approximate formulas 
for the attenuation on an untransposed llhe. The values were 
re-computed in reference 2 with more accurate formulas. 

* 

The same case was run with BPA‘« line, constants program 
(r ference 3)> a slight .modification was aside to handle 
/4 “ 1000 in the earth wire (the normal program version assumes 
** 1) . Also, the positive sequence data were considered to be ' ‘ 
close nough to the data of mode-2-'propagation -(one of 3) 
independent modes; mode 2 not associated with ground return) 
reference 2. The modes could be found by an eigenvalue 
analysis; this is net included in the line-constants-program 
€ as of now. . • 


BPA|s line constants program neglects stranding and assumes 
a round conductor (or. tubular when the steel cor* Of an ACSR is 

ilrlllH' w J en Galloway's formula for the internal impedance of 
stranded conductors is used,, then 9PA results come vary close t 
measurements. Unfortunately, Galloway's formula contains a 
f* £ or “ Uf £ * fouad ssssgrements in an electrolytic 

ttr k lh Gall ° w, ' y that hi* factor of 2,25 Is. satis factory, 

for the number of ogter strand* being 6, 12,, ija or 24 and for 
frequencies above 2*15 Etta. It was also triiV to Jraat Saoh 
****"£ as * n individual conductor and bundle them. The 

formula U t r *" - 

• «”ott which i" prob,b1 ' « Hl»h prohl.lt, 

program. t*Hen into account in .the line cgnatant* 


* r 


& 


•j»‘. 


■>.. “• » • 


Vi ! 


•«fjr . ' 




08 




ro4 


.02 


$5 




a 

f T : 

i * * 

, 4 * * f • 

* 1 * ■ 

, * ( • j 

# 

■ j 
■'/ > 


. • • 


'yy' 

^ * r ' ^ 

•* ' \ ^ ^ 
-- 


. f* 

T\jr .+ 

/X»'* 

r •'' ^ 

s' 

* i 

r •.- 

✓ 

jX.,; 

■ • 4 ✓ 
, t. 

-u-*r 

■ r fcJU - 

|;V ^ 
! \ / 

/* 

■ ■ 

w 

. * 

**** 

. ^ . 

+** 

i 

•' 

F* ' 

»> 

1 

i ~ 

« . s* 

, « 

r^-- 

. t 

V * . ‘ 1 


*A“pt©grain » muaiiicu ^ ^ -—- 

i 'earth wire .and using 
Galtowiiy's formula f° r internal 
Impedances '•«* 

.-Measured- (reference 

-Galloway's results for 
untransposed line , add® 2 ■.. 

•♦-BPA-progr am * modified for 
1 /4 *10(30 in earth wire , :• 

neglecting stranding (conductor 
treated as solid round) • 4 
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r Notes Gallcftf&y 1 * results', 
and the, measurements Are 
for mode 2 propagation pf .. ^ 
the untransposed line, BPA .',,,i 
result's are for positive^ 

■sequence (using, the line X-, 

constants program). , 
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Append!* li. Matrix reduction and matrix invsrtloi 


lanatlon ol 


reduction 


Given a system of linear equations I 

tMM-iin 

with CA3 * n x n matrix 

•* * 

' Cx3,U>l» vectorsvith n components. _ 

Let the ■ components in the vectors be subdivided into 9 subsets ' 1 and ?. 

With the corresponding subdivision in the matrloee we get 

l A„] tM U. njj: uoU3«c*jua > tu 11,0 

•_** Css,?) 

jxi tA»i c<; 

or ““ for rab,, * t m * 

tAsul ttx,l ♦ tAn*}' * tx*l C IET, ^ 

and inserting this into (IV,l), vhich becomes . * 

JW * W 4 CtE*^ 

•vith the reduced matrix 

(sometimes called "Kron's reduction formula**) 
and the distribution factor matrix 

* - tAiv1tA«3 • 

6 ).' OV*)'»««... quite aim , lf tVJ m 0 « la this cue 

*CW.1 Ctse.rN 


CIS ..s') 


• t8 » b *t^X 1 . n t t ttl.* *£< th *J brought 

iatrlbution factors are necessary, h * 8lwpler ®<*uced system (I^£]where 






Fl^w Chart for 


'CT (A , N , M) 


Matrix is reduced from size N to size M. Variables X ffi+1 ^ * n are 

eliminated. If M«Oi result is no?* t t-ro„ inverse matrix. 

Note« The reduction or inversion process yields the system of * 

equations --land replaces the original matrix 

[ L ~L0/a. J tX/J L L^/J with the one shown at lefts . tft 

D t g_ 3 L ^ ea 3 j JLhaJJ case of reduction*. (M > 0) only 

te <Luc»d 3 is normally produced. If the other submatrices , , 

~£D 3 T and CAa 2 3"'are also desired, then leave out the ^shaded . 
statem nt as ; indicated below. 


DIMENSION^A{SOSO,B(100) 

-- -1 " ~ 

fM sT h . aj:o~ m 2 oy— 

- -T'rriTa * ■ 

2 J *» ?{ + i 

W»1.0. 

IF(M.GT.0)W ® -W 

IJ - H» J/2 

■ ■ = 1 == ^31 

3 0^33 


H,» -1. 
B (J) * 


_J r ° f -* e _ 

i ToVauj) 





F*.lse 


error-output 

STOP 


Re turn 


ItSfKVO' th)S 
Shxtomtnr ' 
Oi/t if 

<?/c. a^e 
desired. 


IK-IK-i-.K 
Il-IX+2 
• K«K>1 


K < J 


I*IJ+K 


D & 8L«1, J 
I*» 1 + 1 
A(I)»B(L) 


>i**Kl 

XKVyi« • 

0 ‘ 


D $0 6 I s * II, I 2 

L*L+1 

A.(I)»A(I)+B(L)*H 


** 7*-u« 
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Appondi v 
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J-phase 

rot u.c 

t> C h tilt; ft : 

-/- 

6 ^-2 — 

C — J — 


Xfannpocit i^n of no Uiao cfrea^S, '' ' 

Lk±* circ uit, aehftM<t g tt i rnrif 

2 T&T ..ch: 

ao «“““'» *• »••*»•« by?*. fono^sj Sr«;pSini;; e T 



jcfreuff* X 

f- 

cfrcajf JX 


The ayatmotrici component matrix ui »i > . 
*«ro element. except for. * wUl >*»ve 


• aro*>f 

8‘ 

pea. -f 
&* 

n«g.-t 


Z* . 
t*to-xx 

"W»*-XX 

z* 

bag.-II 


and 2 * 




*)eo no couplinj^vit^in tha^i-*’ fttMB on * ••‘I^enco to another and 
•*«pf 1" tho «Lo:«Xh«. *"• **->“*»«• ».tw..„ th . 

Using tho sattio approach at «,m< i,» ... •« 

one gate **<iihg .tha voltage drop. for « U .action.. 


[ z ph«,.J *ejr^ s „ # of 7 ••♦ r*> ,. .. 

(lut LiSd^otfo*] " 1 ? 

f??f' j2 ‘ai •*a■*»! at « n ** c “"JJ 


iff' *« at *1 

jk U" ! « ?> 2 ! 


with 2' 


k 5 If Iff* spi*L~ 

L 4 I Ikl-SsSt 


'* 2* + Z* AST' 

IS *23**31 


*M ’ *U+*M**i, 


*»«" *'«**•«♦*'„ 

*»«■ *44*n s **« 


•n.**i s + <«**i 4 ^„4 4is ^5« Vs+l , 3 

bearing i* mind th * t w , 

** fci 


. r ;•.• ; 


$0 ;. 







Transforming intd symmetrical components yields* 
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0.0 *ML*eL ! 
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•—I rr,/) 


0 0 

, * !«•: Sk. o 

3 tot gif 
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It can sssily b« verified that tha non-aaro elements in <v # 3)> 
coma out identically whan tha line-conatants program for 
untr&nsposed configuration la used. Therefore# again aimply 

ft ignore the forma in tha untranaposad aariaa |* . 

impedance and ahuftt capacitance matricaa for| ; ;;l 

tha aymmatrioal component* in tha plaeaa of | , 
zero-entries in jtV#3) to account for tha I 
transposition affect . « 

• ‘ # , J - 4 1 

2 Double Circuit, Trananoaition in 3 Sections in Opposite Oiraction, 

. .““ 1 L "" ’ . • *"v 

The cross-coupling from ona sequence to another can also be avoided > 
toy a much simpler tranSpoeitioa achama with rotation in opposite 
dlir ction. it leaves coupling within tha *ama saquanca batvaan 
the' 2 circuit's however. * 


Oohemoi k 

d 


| circuit X 
^circuit H. 


Note that the conductor# ara numbered-in the order of 
the phases a.b.c and 4ft»l in th first section 
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First Hind 


(* Z phaseJ" ^ 


t K 


I K. X 


Z 8II Z htX *AXI 
1": Z kll 2 »II 2 kn 

2 ku Z AXI *BtI 


(V,4) ; 


with’ Z! 


Z 'ii+Wi 3 


t* 

All 

Z!_ 


' *4S+ Z 'i'+** t 
* *i4 +a 5S +2 S« 


<V,S) 


*L • r i »♦*«♦*'»« 

Z H - a l« +IS 24 +!i 35 


• • ijj of same 

configuration in 
both circuits 


Then transforming into symmetrical components yieldst 

[e ■ [£4J- ] 


'ziz*41L 




. 0 
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{JBfcfg^gA c- 

* o 


r, i Of o d r *n-*Ai i 0 

L J ^ 0 f . t Biw+jZ 

** w 4 _ <•» a _ , A S' 


Am+m*L±£zLl 


o gWgi *.'1 m 0 


z;.t/r L *.z^ I 


8 - 0 
2**-1a* 


AmmZMU 


’1 .* .f 




tl f" 4 

, -v. -‘1 



I J . -J 

Bg» r-ffi) shows that wl-thin each sequence there is eounHnu . 
one circuited, to the other (n). ThecJetJc^ly COUf>li ^ from 

pos. x-n " z poe. ii-i <•*»• true for negative sequence coupling 

fr»M^rr r : tr * ctio * 1 <=>>• coductor 

arrangement is likely to be symmetric with respect to the tow r 


* • j ?• 2 


aym ntitrte 



’ h ‘ ••• jt 

Z>1 symme.trIq*. arrangement t 


end therefore i 

poe.I-ii " Z pos. IZ-i " 
Z heg*.I~xi " Z neg. II-i *" 2 k~ 2 J 




K ~L 
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jvc*in it can easily to verified that U.alino-constants program for 
untransposed configuration yields the **«t values in the non-Saro 
entries in (V,6) . _„ ■' > w \ 


Verification by computing 

" ,i T 2 I, 2 ;* z ; 9 .... 2 «ir* \ 0 ' 

. 4-4 1 • iS<_Siu -f-f 

■u •' .V4« .ztJL 


•t, ; 


.:;V ' ifc 


.£ji •' . . 

••• '••• \ K’vhT.'-,: > 


Th refore again simply 


ignore the terms in the untranBposed series impedance 
end shunt capacitance matrioes for the symmetrical 
components in the places of *ero~ontries in <V,6) to 
account for the transposition effect. 

Attention* Number phases as in -first section to • 
express opposite directions for 
transpositions 


. , sirMj, connootion if Two identic.1 Eoulw.lont »ultl- jTj ; j 

fho sorias connootion of two identical multi- If * ( F ^9* 7 ,< 
p, 23) i« described by the equations 

ft'ui » c*«3l fw]M .... 

. 0 fr J i«J C« ? ] W . 

j»ij .frij'|wj 1° J, '■ 

with &«.„««3 ♦..DwJ •“« t*lJ ’ O'tr.n.f.r]- 

The elimination of the node voltages in ® yieldst 


* 

• 

or*. I 1 , J 


(41) 


double! r double 
r it J U 
double *1 ft.doubie 


CviJ] _ C*i3 


■ [c<r ble 3 &tr bl *]J ■ Ip )' lmj 

with a u *’ ie 3 “ * l/2 £ v i*3 &ii3 " l 3 >ij1 


.?r M, 3 - & j-•••**''•&$ 


double! 

12 ; 


+ , •’ * 
V 


<42>> 


( 43 ) 



oltaf™.?' ‘I* of («». 1. po.ribl. t carry out tb. 

40 i.hlc,' t,"*^. ?ySt.™ B “ r,X * R ’ t ’“ 4 ot * ,M * »" ■•*«*«. TO 


Ll>»J s f v n3_ Xsl _ 

* r<tt eliminate [jrJ , which yt tide 

[ fy u 3 - */* [»J [t u ] - 1 [r u ]J [rj 




thla ip the desired matrix (vJ° ubi “J , ^htn (Vjj Ubl# J it 

difference 


j* double *1 



1**11 J 

m 

C v i J 


(44) 


(4S) 


(46) 


Appendix,7 

j&gjgft-gJL Jn p remantel he no t) 


f , .* t" - : , 

Vhe i nor omenta l length f\a for the initial 

[,e email enough to iuetlfy the ue* of *q, <361I'thi?*!* 

* r :*>V r ?*"**• ***** » n **• r.« *2 5m ih» «« i!!«iS' 

U There itt *W* lq J^!£,£*, ’MmtnZ! k* * ' 

e«T'/iiar » * which When he observed, Thi* lower hound it 

esUMflUn K«,jMUr«tUv in tW«*oi lowlit* w«y, * ** 

As seen in (40) of appendix 6, » nm . ’ 


C y tran«f«r3 ; + C%hunfcJ 


i'.* »«*»r jiv iV, <,nPe met.itlx, vi*h each term found from e«, li9l 

*t * * . * F 1 ^erin gets r lnt y *r nrw| .3«rypr as {\ a decreased and 

v 1 '* v **1 J 0 ^ 1 ? the * uw ?iia or ‘ u *« *** WU (wUh 
t ‘ fMisfer .shunt *" J 6 a $"diylt-computer would loose 

. ;>i „, . .;..>■< 

•rV^T. ff P@r :!" , ^" ts 1 »«'«" ?«H 70.10 (with about 9 .Hnirioant a.cio.l 
•K.JMal a uuoO 9 h 91 «a of 48 Wat,*. valu* that .l»*t#« y " *** 1 

ff # £ MV" "*Y traiur . » f|U v * ' ;. • *'•*'• 

ityaiflci,, '“* ch0 . to * »"»<•• the tea of toe many: . • 

■ iA tn .^ud slso avoids an 

th. ti 4f ,. ; njth, which is also a source or roundoff errors. 

Pbaae hna TCll^r 4 8 ‘ l "*8 . (»"«»»>»«»* the 

; . .. ' ■ v *^ s 4 # i *** lf‘und from oompaiiewn ©f the dlftafrn*)# 

in the eguation, , 


ii shunt 


OB 0*5 10 V 


, Iron which the 

tranSfe* 


1b solectfid a* a first Sues*# & S g U eas " win L ) 

8» alle8t vaJ «ho*ild lead to the exact length S, 

sinCf > the successive doubling decreased until 

the value used for A 8 is the value 


AS x (power of 2) - S. 


O *> >* - 

with S^flOO mil***# 6S X 

W.-P 1 - Th ”°- ph " 8 * U *, th .„ rt6 

. „ _ t ft *> mi Ias i then O a_*.««%a b 


9.3, 
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6, A 
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„ /* <• » 8 miles, then 
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10 »U«« with till* proc.« r ». 
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7.5 " SEKLIEN SETUP" Routine 

By means of the special request word "SEMLYEN SETUP" , an EMTP ue r 
gains access to the supporting routine which bears this.same name, as per the 
explanation of Section 7. . The principal function of this code Is to 

eirowi* h « Jr 0 *? T 48 » hlch are " eeded for the .^presentation of a transmission 
circuit using Semiyen Be cursive Convolution modeling. See Section l.?7 

£ot_ i The "SEMLYEN SETUP" code which is now to be described is essentially the 
, eame as in November of 1977 (time of "M21." versions). Representation of 
the propagation response and the admittance response is limited to lust two 
real exponentials each, and time-domain fitting is used. S the otWh^ 

5 as ~ 

7<5 ^ Structure of "SEMLYEBf SETUP" rioto 

lrm.,+ S UJJ 08 * !? at th * User wante to U8B the "SEMLYEN SB7TUP" ' routine m - 

input data cards are then to be structured as follows: routine. His 

81. Piret'comes a "BEGIN HUT DATA CASE" card (actually 
optional, as per Section t.Oa ). actually 

92. Next comes a "SEMLYEN SETUP" card, which 
* V ZZfr'MX™ 1 t0 . the 0Ver1 ^ *» Wion <W» overlay • 

°Ptional special-request cards (if w) in 

;STr:rthe 3 ^^ card8 * 1 • 

.) W — t th M Hatton) 

.at each end of each phase of the 
• transmission circuit. 

b) "TOLERANCES" — to 

t0 redefine one or more of the 

STTf "° ons1l6nt9 " whiofa control ' 
k* of thie routine. 

O A >r _ 


».rt om„ , mlacallanaoua data card. 


■ 85 ' 22SS2: s —.ta oa rt( - 

* lv « tn« value -1 •. Th * *“ ta paraoBt , er "low MB ' 
an expanded format for redefinJ+f^ 8 °f r<is Uf 80 used) provide 
parameters "IOTX" , °» I OK" mUeeUime oua 

-*CAB£L*CO»W*J»TS?hPT lr« “ UBE 001raT *WS" or 

p?red .th* ..ix.:i4 r :?.s; r n %« r «i # :y»«»- 


'«»* ■. i 

•V. :<■»,•• ,y •.. 


Zet *- 




i. « • 




iintransooted Una Cot cable) r— g freauency cards are **tdedi 
t* 


’ ■v.'w 


; : - -r 
*s <r 

I ’ -.‘'i. 


■;:> i. 

. i % * 
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-i < v" 
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ft>« first rredutncy card is tor too (calculation of too # 

modal-cnase domain transformation matrix 4 1^*1^to b # • 

frequency FRCO* ttw default value tar FREQ 1« »*t to no . 
SO 00 H*. TO eateotote mi* t rant for mat io« ******** a 
tffitllfitf OtMf tMfl Mf# OH* tnitf few 4 . 

'*■ "'desired valet In tne Hold of tWQ on tni* fftquoncy card*., 
•nt to redefine me *ttn thl» saw# value on tne 
•totERlwCfa* card tsee section I.S-bj* 

4 *h» teeand frequency card it tor tne steady state frequency 

*' At tibieti tne resulting tin* Cor cable* Oodet is to be used* 

*mIUMMIU »« *« »* ** «* *•» •' *»‘*r*' fof 

* * o,c systems, use »o«e small value such as *001 Hs. 
it The M4M Ctrl n tfc ' i : 

inverse tourist trsnstorostion •{, 

Typically tills *m erovloe for » points per deesde, . 

* beolnnlnn at l rt* • and endin* at to Mt. 


Y* trsnsposef line xor e.01.1 — g^-gf ,J ST 

frequency cards are needed. 


<: .i 


>*•' * 


5 ' r/. 


m, 


■ ;,vr 


* s; r 
!r*4; '';l4 

'•ftW -»«| 






;.i* V : 


* V, 


< * t. 

i .- 1 . 


■ Iti " 

«: ' *v 


.* .• i 


ii m 




‘•i •* 


% . \ 


ii 




• i 



1 

■:i - v,. 




.f - • '* 


HL^>C 

S7 ' I ?1 !° lnt 83 thr °“* h **« 36 » oft*, 

d«t. «... «thln 'wSwT 

Acturtly, th* UHI of Point S 6 ar. to 0 . oMtt.d in 

««»r“ “» 

or Ml. 'OM MM- op* ion 1 . toln« M . In *.<* 

S rT IHWl *«*• «* «• rrwmni.nl on ollSt 1, 

„ f r? *!” »««•«•>s «*r. «... within "smm 

T T" u ‘ u “ " =■"• *««■> "ssMLrra sSwi 

loni 7 the toiaselisnoous date card Is mandatory). * 

S0. if the tteer wants to shut the iattjp off at thia noint (»a». • 

“ r I "**«* *«• **■>»> fOUol.SV 

a wan* card. This is ae per Section 1 . 0 b ♦ . 


* 7 • 5—B * t( 


far data cards 


& S>a 


mmm m 


s»...■«•. ■ 

l) 


\i> :■««?*« a^: ;m ma* su. V*-■ . .- 

/'f 1 *- —-a*# # *»«mt - v ■ ■ ; M ■ 

! * * " j «^e ■ ' 

■*••*: : *< « kh, e,i , «** ***** ?*>«*. I 

• » f f } Kiil ift Wg. ; ?: \^$xtl4 ’it foo- iHe $*ne tod I 

v r 11 " - ‘ ’ m ' '"' '*■ ■*■ ■--■ ■»- i &^\m \\-~ i i i rjj i riT l 

m data card i« distinguished by the hey »«rd "BRAWr«« «*.< u , 
in columns 1-6 . the card is edaullt*\v ? . ^A»C« ahioh is punched 

generated within "SSh^t* 5B«IF« P are n '** #ric * 1 ***«•• 

<* it. the "BfUKCH" cerd mereiv InlSlff!!*, * fey , the Pawnee or absence . 
6-character node names which will b* rwo U * tr , t0 *P* elt * P«ira of 

; and "BUS? 1 * » each M format) S f in columns 3*14 (fields "BUSl" 

«a output. Without such a "B&UfCH" ear* e*r4* *klch will be punched 

. cards which are to ba punched as output will be blankT”* ^ th * Wran^j 


2) ”3 


lOlCfJMJ.t S 


kwt,S3-b dnti 


«T7 77??i^ ]‘r? ;n, v- • *r:r“* 

t - ' • ' - r - *•• **tfcv ii.l«.V«Sf.! .Jf, 


hxtt #f 4ieM fftM W3 


t K r —-rS}-—-- “}--- 

Si Vl,u,t p i V8lue (I «tue 


jfy ^H.C , g» E1U 0 |^| .0 jj; £11*0 Jj«| gfi # o 

atff SBPW " «• «0"««0U.l VP l* 
H t 6 tERAN 0 gs« card Wwi*«> end the like. If no 

P- to. fouo^uoi.u™, - ^ d * Wt T,au “ * tU “ « 


-*T'-*T * 

l*«u *4 ji«U *5 

) T' ■»■*! y- i iw nh i mass, 

| |- irmae 


A 



2o* 


i 



|(3 PMKt) 

\\ ickiyo 


i a I wrjN 


FFtHP 


N1TKH1 


NITWt 


J7 ! NtTKllY 




U«-7 • 




‘> 000 . 




1.K-3 


Urcage of variable 
within "zmxm SETUP” 


MaxiBiVen Aa*;»t-*quare error 1 

Jfcximum relative error of & ± or ^ 
“beginning" of time- step-response sequence 
j,e*«t nquaree minimum Jacobian pivot ma&iituda. 


Maximum eteady-atatc error* 

Convergence tolerance for eigenvalue Calculation 

Minimum ai*c for squared pivot element, 
within invaroion routine. 

Frequency in H* of the 2nd point of * e * 

Maximum relative error, for the characteristic 
fxmtt tunas fitting procedure. 

Maximum total error for the characteristic 
mtmtunnoc fitting. 

Html value of time-domain fitted step response. 

Maximum number of iterations for At selection. 

Maximum number of tit? ration a tor 
1*11 t'HXiiy - ft t M t © f it ti X\$ * 

Maximum number of iterations tor 
i„ni?t squares fitting* 

Maximum number of iterations for characteristic 
juinn t tuner step-response f t ttlng. 

Maximum number of it orations lor the 
eigmvatiuv'v rotor on ieui all on. 



turn# 
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., *** "TOLERANCES” data card ia characterized by this key-word text 

which is «o be punched in columns 1-10 . By means of one or more such data 
cards, the user can re-define as many of the abov -tabulated param ters as he 
may desire. Note that there are five fields on each such data card, each with 
space for a 2-digit integer {"Index” j 12 foraut) and a floating-point 
number ( value ; El 1.0 format). There are no restrictions as to ordering 
of the parameters which are to be altered, and not all fields need be filied 
(any blank fields are ignored), “ 

., m ®*ampl®» suppose that the user wanted to allow as many as sixty 

it rations for the eigenvalue/' eotor calculation. He could punch "16” in 

columns 39-<O j*nd "SO.” in columns 49-51-which would correspond' 

to the uee of the third field on the data card. * p 


3) Miscellaneous data care 


data ) 


within b * 4 J th \° ne mandat0 *7 **** «»ch data caa 

Wi ain oEMLYiar SETUP . The format and meaning of parameters which are 

to be punched thereupon are as follows: . 


» Mfl | 


1 SEI EgS 


I tn 
i u 

j 

4m* 

JC 
< * 

$ 

A> 

e.i 

iw;ui 

\ 

1 

i ,j > 

tu 

g 

ckls 

V |» 

H |s>q| 

IpTX 

I0S3 ! 

j 

mi 

j f y 

01 ST 

;Si 

- 1\ 

at: 

IS 

35 

{ailfuif.i 

£Cb 

t ^ 

M AjhV 

0, 

I* j 

10 

s UZ.s 

£12. S 

di 

M 


TEXT 

( 1 - 8 ) 


Bight characters of .alphanumeric text, for which 
the following choices are possible: 

• a) If left blank, then the EMTP will expect a full ’ •: 
"BINE CONSTANTS” or "CABLE CONSTANTS” data 
case to follow. Such a choice is mandatory for- 
the first data case .within "SEMLYSN SETUP" usage'. 

b) If punched with "NEW RHO » ,• then physical data 

for "LINE CONSTANTS" or "CABLE CONSTANTS" 

is assumed to be the same as was used for the 
preceding data case within "SBMLYQf SETUP" ; only 
the homogeneous earth resistivity "RHO" . is to be 
different, as punched in the field of columns 49-60 , 
. In this case. Point 36 data is to be omitted 
(no "LINE CONSTANTS" or "CABLE CONSTANTS" data 

case is to follow). « 

c) If punched with "OLD DATA" , then line constants 
or cable conetants of the preceding data case are 

te „ re r U3ed; onl Y th ® transmission circuit length 
DISr (ns punched in columns 61-72 ) is to be 
different. 


NOQ 

(9-13) 


The number of points per travel time at the speed of 
light, for the propagation step response as found by 
inverse Fourier transformat^n ( sequence). 


KPOINT 
( 14“ IS) 


205 • 

This defines the basic time-axis spacing At which is 
to b used. See parameter ''KFIT 1 * below, also* 

number of time points for Which the inverse Courier 
routine will calculate the response for fitting 
purposes. 


nss 

( 19-20) 


Flag which ie used to indicate whether or not the 
trsnnmisoion circuit pnares are assumed to all be 
continuously transpcsed: ( 

| 0 tSy > Vntraasposad circuit 

1 1 Continuously-transposed circuit 

The uhtransposed circuit requires the Iterative calculation 
of eigenvalues, while the contirmoualy-transpoeed on* doe* 
not, recall. 


. i'IT 

i i'1-22) 


There are several options controlled by two independent 
digits which are decoded from the field of width twos 


■' HI —- Digit which indicates how the 
(2l) cha racter!«tic admittance is to be 

fit. Leave blank or zero, for ' • 

frequency-domain fitting (which is 

the usual case). A value of "I” 

will produce time-domain fitting, 

i* theory, a. , 

M2-- Digit vhich indices the desired boli. of the tiiw-exis 
(22) SJcina At used for fitting of the propagations ««P 
«"eorie. * value of 3 will use 2 it - travel time/SOO 

above. 

A value of 1 will locate the 2/3 point'of the propagation 
step response and sine the At to 

NPOINT values between the toe and the 2, - po—t* 

n , , ,,jii ’orate th' 81 2/3 point and the 1/3 point 

.A value of 2 w ~ n rS~onse >V1 zizc the time step to 

of the propagation btep re»*.onise .. • . the 1/3 »n* 

put approximately 5% of N?°lh* *• 

2/3 points - Because ^ of osi.il*a ^..s© svjints ?.*y 

inverse fourier routines, one or to ^ rKjuctlon ' tn the 

n °t ai I-.-rease in the number of frequency . 

value of °* an x ** of the inverse 

points so as to increase the. accuracy o£ xn 

fourier routine. * 


KPS . 
(2>24) 


A flag which indicates whether or not fitting at the 
steady-state frequency is he. sired j 

f ~q _Ho fitting at the steady-state frequency- 

• ) ,__ Attempt to fit the propagation step-response 

\ exactly at. the. steady-state frequency. 



2.CC- i . 

The same as for KPS * 1 , exeept 
that if the iteration dotes not converge* 
the original (starting) fitting ehall bte re¬ 
verted to. 


KYC 

( 25 * 26 ) 


A parameter which indicate* ho* im characteristic admittance 
. ite to be treated: 

§i 0 *»dw«, use fitted, time-dependent ' 

I x ctemoterUtic admittance fluvic* i ^ ? 

. T * ^ <l ° r ftli modes, note t -fkr.tmi 
I admittance ut'rtr'iin?. («t the Mrieady-,state 

/ ’ frequency;? 

.; 2 .SR^jr Only the earth-return {«ero-»e^rjq#}'mod* ie 

0 to je treated as if XKJ „ o ; *AA -Un« modes 

.U* any; are to be treated as if KYC * 1 $ 

3 *■—•.•“ hike 1 or KYC « 1 (constant characteristic 

ad..M t ?.nrx!0), only use tne natun.il rvsonant 
frequency of the line in place of th*> oteady- 

frequency. This freouer. »v i e 0,5 / TXU 
- were is the travel 14 :w ** the 

■ l > Ivor* ht the speed of light. Act.^Uy. the 
x . element knows frequency point t«v -thi < •r**oaAat 
frequency will he urea, for convenient, 

Note that there option?'only uce cc3 vr.-.n • rt » *,•»},, 

«“ » C*-- n». or ■ two poei... I-I.;. dtKid) 

an extra. independent flay, to odOd after the .wove choice 
*or column hao already bean 2 arte. Tf -'o'ui- oc 4* • 

With ”1” , there *;a he's print*? of" 

eftamcU-rwttir auxittn;;.:*- y», u«, nho^ing he- ’Me 
frequency-domain-f i-.led ■» vpone'.-c Inin compare with an 
independent invorsv Courier tran?formation result. 


IPUN 

(27-28) 


Parameter which indicate t *. whether or not tho :V^T.F- branch 
o&rdr which .are to be ccv^Vructcu are to be punched: 

r O —- rranch card* are to be outputted on both 

the line printer and the punch (LUNIT7}$ 


——— Punch only? 

2 - Printer only. 

Pmohed cards will appear on logical unit number "L’JNIT7" 
whien is assigned within module ”SYS2E» H • of overlay ' . ' 
number 1 if not oq’.'ui to srV.#n. Whether .rush output goes 
au.cmatictuly to -he punch, or to n dick file, will defend 

on the program setup (see Program r&intenftnee if there" are 
questions). 





Ww) 


47 


2o7 

flap nWch indicate* ehether the breach cart* 
that ere to be outputted are-to be preceded by 
deectiptive convent carte. fw thie p«i1»e«e, 

Hu cun of *mm mm tuts" or *etBi® owsfASTS* 

lit need, after eworaton to eonaeat'cntdi (*0* ^ 
colunt matter t)» 

f o *s£» no euch coMnot carte wtU be outputted! 

I t yes, Append thee* consent curie. 


low 

(*t-**> 


fumatter irttiett eontrola the printout of ieteraediate 
reeultu (•.*., eicefteatua* ond eigenvector*) ***<*» tie 
connoted oi the frequency of the «*•#»******* ^ 
treneroieeVion (generally 3tt» Hi or thofenbottii). 

f -1 *$> «oer t* confuted bp octet **»*»«* 

I would prefer to punch *!«** . W » 

I end *10»* in binary. t» $*»*• «*•*♦ 

1 "loss" and "iOW.* ttetdu (eeliUMO 

I 3T*4« > are to bo left Uat, «* *** 

/ extra carta (feint S$ date) are te j^lee^ • 

Y ■ as eKtoaeione to the elecetlaneoue dita card*, - 

I o bo ouch interned tete printout to deeired, 

I It mb Poelttoe octal "K* ettt oonttol tho fringe 

I ^ in bueetion (at the tmnefbrtattea N«W{) 

1 e« doounented in the eaptunaiim of feint » 

\ dote. 


joss 

( 37 - 4 ?) 


J0£l. 

( 43 - 48 ) 


.« Like *SOW* above* «nt| for the atcedjr-eiale fretuen«ar . 
(nether then for the tmnefoireation fr**|0*n«jr). TW * 
field 1« innorod, if n mt* le equei to *4 . 

— lake "IOTX* above, only far ten discrete fretaeneiee • .» 

within the loop over geonetrieutly-epacdd fretaenoite* lhie 
field ia ignored, If M lOtK" 1« •»*«»* to -I . 


KUO 

( 49 - 60 ) 


Reaifltlyity of tho liomofieweotta earth, in w«it* of __ 

... «.*»«««•«**»J**• 


- 

of column» t*8 1* «|u*l to either 

"OLD BAlA* * 


DIS'P 

( 61 - 72 ) 


length of the tmtwnleoion elroult, ‘tatfomm 

m i*ia date Wald i» ignor«d unle»» w .****. 

1-8 ie equal to either "ildf .IWO or *vwJ *M 



WV’O 


NPAtf 

(73-75) 


•/ * 

|» s 


4 8 £5 cial fl& % "hich is to be punched nonzero only 
it the user wants to experiment with an alternate 

MJ2K"’ tl ? nefo ^ tion *** is based on 
the timpesoidal rule* 

4 

^ ouch t**P#»oidal-rttle algorithm is desired) 

T » the trapesoidal *ul 
will be used» w n M is the number ot 

tyele of the integrand* 

Or per Interval between successive lino (cabLl 
constants points — which ewer is the waller'! 



’ 1 


— tfin9lona t0 miscel laneous data card ( Point date) 

card is punched^wl^the^talue^* li*** ° #1 S!!Ss thi •fwoUttaeous data 

follow the miscellaneous oa* *i ********* 

In this order. Bimty is used, with up to twelve of tha t* #*!?!! !I *5^' 
following format being punched, th * 14 fi * W * ** the 


$ f f ■ J. • * v \ • A . ft . I 


M 

' 5 

as 

3 

4! 
,/j 

0 

; t.' 


•«"! 

[4" 

to'. 

sr ^ 

4l 

•te 

14 

!«> 

14 


0 

14 

14; 

34 

[M. 

il 

****** 

M 

14 


/ 


u"a&2 3*5** 


Index 

number 

Column 

number 

Inscription of the printout which is being controlled 
by this component field 80 

' * 

1 ■ 

4 

' . •..* 

Approximate modal equivalent-?! 

; ‘ 

6. . 

Approximate modal equivalent-?! 

• ' 3 . 

‘ t2 ■ 

Approximate modal characteristic 2 

' ' 4 >, 


Approximate modal Z t y .matrices 2 , 

.5 - *’• 

30 

f Approximate modal velocity and attenuation . /• 

6 

24 

Phase-coordinate equivalent-?! matrices 

7. . 

28 

*!odal equlvalent-Pi matrices 

6 . 

32 

*odal characteristic impedance 

. • ' 1 , 

‘ ,**■ 





1 9 5 

■ .. . j 

• t 

36/ ; 

V 'to " ; | 
. ' • • 1 1 

•' 40 

:" 

."44 

b£j 

■ .40 V / 


t - . 

•f. • Exact modal 2 and t matrices 
. Exact modal velocity and attenuation . 

Exact tranofoiwatioh aiattlee* 

; ; Matrices % and t In phase coordinates 


The relation between such binary specifications and the possible octal 
specifications of Idle miscellaneous data card is simple * sepamte the binary 
bits' into groups Of three* and- then read as an octal, number. .Ibr example, 

1 0 1 0 0 I t 10 10 0 (binary) * lOf 001 ttO 100 * 51«4 (octal) 


7 *5-0 interpretation of input data Rft£&a . 

Aa with all MX# data card#, an 80-cOluiu* *»'}*J22L2fe4a. 

the right of tbs page (aa the card ia read, within )# and tetefpretaUon 

la provided in columns 1-50 (to the left of the colu®ft~5t separate* character 
H 1 M )# btar the different data classes of Section- ?#5-8 * inter^retationa 
shall now bo documented. 

Pirnt, there is the "BFtAtfCH” card (Point S3-a data* beating this key 
word beginning in column t), which is Interpreted aa follow*! 


U.J...U J U.L.i.i.L:..i :.L;.Ui u i I t.i ! ' I i : U.ub,.:../i. -*-*• *-. • - 

, • *. 

The ' "TOLERANCES” card (Point S3-b data, bearing thi» key word ^ 
beginning in column l) has interpretation which displays the tire ihtegsr 
values (fields "Index” ) which are road from the cam. Theoe are in^orde^ 
from left to right (e.g. t , the first integer ia read from columns 15-14 *nd 
printed in columns '24~2.'f , etc*) t 


iKfffEBeGflCE^BRPRI 


t 1 lull U-i i*vvatii^rI4i 114^141 U4i 14 

NEW. SEMb.Y£H . ...■■y j.j-' • ■ I • 1 - 

; : lalLi . L:! . . . Ul: 




L-.J; 

. :l l: ,:x 


Interpretation of the miscellaneous data card (Point 34 data)- displays 
the first seven.integer parameters which were.read fro® the card* in order* . 








<mnt F&sr 

?<rsjr »ril^ 

SiSTS MS? - •.‘Sr^SSL.235. 

the user's T2I4 bina-v ineut £?!*>!? ? 0netructed *V «»• Off® (from 

*•„%** 

u L e *:£* t ¥" 

"SS» for th, secoM , l M -H," for 1h“ SiSr ' flrSt " t " ,Sl0n 












210 


65? 


7 5-D Illustrative line painter cutnat for *Sj 5M1,Y%I1 SETUP 1 * data cage 


Printed output for an illustrative "SEKLYEW SETUP” E®EPP data case 
«hn!2 now be displayed. The transitu, esi on circuit In question is a 5-phase 
overh ad transmission line; there is no bundling, but there are two ground 
wires; end the length is 18.65 miles. A listing of the input data 
oards follows: 


dc.vpl'N NEH. .Da?A —ASE . .. — 

0 ;.!?;•'« tcST CASE HO, 100 

t, t f 1 1 .. ,*..!« - ... .... ■ • — ■ . ■ ... I 1 — *‘ 1 ' ■*“* ** ’ ' ’**•** 

cJRAnGH SJ?f.GcALXNE HSOftCLdi..tNE SSOKwCCUlWE C 

be 30 z « ? 7/rr J&37 


0,5 

o.,$ . 

1000. 

I 000, 

1000. 


i 1% ____ 

,x \ horizontal line 

ta,65 

Hli.ES LONG 

( \ # ^ %t- ^ 

• . 1 9E 


,656 

-t 8,67 31 ,5 

n *5 . .... 

i . < 12 

4 

• d5b„ 

0,0 31*5_ 

JbL — - 

1 .192 

4 . 

,d5d 

10.67 31.5 

31*5 

-J > ^ 6 

* 

«J» J 

-5,33 <*0,5 

46*5 ...... 

V J »s 

4 


. ^ _Jj, 34... A Q..J5_ 

_ - 

i-^ - 

5030, 



t 5.6^ 


_ 


• 

__ _ __ 16,j:S 

*. - - - j 


60 


Printed output will b«glr: with the interpretation of date cards? through 
the ~ r :S21Jit;Ti:" wn!, Al'thovigfc for e different deita ease, the 

follow* uj' l~- Oli.'flr-'-tiY'". jfotc u«e o;F the «»ter. stone. to the *i eeeUanecu* 
data e«ri (whi-T. 1... .■«(: reason for preadetijy- ‘this alternate uaospi, 


V'! * "' * <# • . ^ -« * , * T „ - •- ..-fcf.r r*’? *'<*’** ^d T er. 

L :./* J : ) l y* "‘V* , 

;r-* ■ <> .... - r 't-i. , . i * ; J 


.. A,. ..I • •"• ; • 

J»v‘J »•• •' * * •*'* 

fi i * , :' u 1 ' #• » : 1 
.t . w . t . f v», .T. <„ • 

t i . . » 1 • * -* * 

* t I A • ,. > * •• 


- t - * *1. L» < 
^ . *. t i 


-----f 






. i t 

. ■ -J V ” * i. 1 * ' * r * r 

% * . .r.. ' ^ , f y- ’’ 

v , *‘ ■' • - * V*t'Jh * Sn.J. ? 

?u v.-i. .v'Ar.i•.* * 


v:>, 

- -l': ^ « ;•* 

•Jt 


1 Jl*. ’-w’. 

'I “• J ■* '<f *’ t l. I ■<£ k f' C 




,! ‘f • 


Ue__ 


, ’ J I I . } . 

~'*r' 1 i 1 

kiNi’ 


4 

i i 


»«-re will 30 «e outpv; from the "LIXS ^SSTAKTS” overly. Since 
such ouipvt i, ieecnted in Section 7.4 , it *»L\ U .further, 
illttBtrwttsd iilH’. 

Ai.ter control rti *^;e fi'c-ir. 0*:*ST.aTS” 'to. "S^rar SW H , 

there Wtl. bo output for the srsnufursatio»5-frequency parauetere. ?or this 
Ci-,je, th« r/wuu^oy ta 5000 Ha. (We next 


4 
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CALCULATION cr TRANSFORMATION matrices, continuous TRANSPOSITION rt*« a .# 


•••■•*•• 


_:_MECjCNCT a 

a»**»*a#*i*( 


• . ..._ 

iM. t4«.f ..a.. 


IffEOUCC HA TRIE 
(OHH/MlLCI 


•«ir»0Jf*3t 
.90v3JF»SS 

. mw.n 

• Ti ii 3F.fi; 

.T0TJJF.I1 

* lAJTTCtt 


AOHtTTMCF H*T*I» 
CNhOFHI* F> 


.UtTIMI 


• 4*3 J4E.fi f 

.S99F3S*ti* 

•stjnc.jt. 


ft A~ 


•6I9IIF.3J 




• JFM.TE.TI" 

••tone.os 


<« 


the following mni a.f cokpuico on« «i.ii of rx*cV otAbiwAiifA sian of 


i.ootot 

.cocos 

W.UI 

*•3111. 


. . Hour to FNAEt VOLTAGE 
TRANSFORMATION MATRIX 

I.JfiJOt “* <MJT*"*“ ’—’ 

••MASS >)(«) * 

••I1340 ‘ I.30CCC*—“—*—•'’*“■ 
•AAOCA .SfiOtS . 


-----ROOF. TO PHASE CURRENT 

TRANSFORMATION FATRIX** 


1.33114 •l.osatl " ••nFJST* 

•fiSfSSS ••Stoss .mis 


" alpha 
ineffrfhii 


.ssssi 
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lust stru«9Uft9 wi i5 M i5I lt f t !rJ35* n bftn 

Further, the o &4 •«" ut H t r ,eqttireeent»of K^nUittS ■ : 

KS'Ss^rsK^ 

swr^wta 

5:^top'*nt at . Ah*tSni.««vCl»ti a n ^^ Mnt 
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' ? -7 : .. .r^gS mmSL SaMTH'T ^- 

ari d Background . •' 

. "MI8 mmaw ,' m utm „* r 

wpwtion of Sect!™. " f a.^L " «• PeftSe 

SKiM s=r“£” “S ?“ ““s .awn 

tranemisaion 11nee cm al.no b« eal<.Mii+« oanatanta for conventional overhead 

; s, 1 • • _i ' '■■■>:■ ' ■ . ' v 


'•« , 


;i: 


vJ.-iyvl 




? > - *i<i, ' 

]■.'.,. r* 

■ -■•:•. k? 

; M 




•ni 


, ;■...'. )"d 




i tf* {j ‘ 

/ >2i 


Cross-section of most 
general SC coaxial 
cable geometry. 



’ Kl*. 2. 


•i;l» 

\<r 

... 

\UV‘ 


>■ 


Eoritj 


ero «0-aection of 
overhead pipe-type voabi 

eysteo which contains three *• 
SC coaxial cables. . • r. 




^h 5 b °i 7 f(£'*ff v - B "^ SSm£ * thTm* '** a r*—**«. 

--idVSl'i “’jS 1 v^', v 

t, 0 f SeptMbar,. i977? ,trtot * ona or U»t**Moii»-« the "Oiatg COHBtiJfTS" - 

'■■r; i»cagaaaj t * Hie "CAMS rossiASTs" one 4 ' - ' 

.'■ •". . " «>«» «.ahehto*- A "maximum , ■!* 









® ' 25 Z \V, ’ " v 

9 ' • ?* iftftlE#® hfl&YJP ^fKSSP 

* sa? *>* «j-y; 

conceivably be A prcblws ■ jji &r« belief 

t . 2 £ £$£ £JUSS«« *««»•“« - ■■**— •***“' 

v - ‘ . apparently* • '■ ' • 


ieved 

then 


"CABLE 


7.7.2 foneafti Str ucture oj 


~. ."“ "77 -hichuaee «<3ABU5 QQIiSSAETS" will 

4e?w * ^Zt* **^^-»*• 

■^TS. : an*m ot SO ««w coblM within «a «<*«*"« «• 

. 'g^,'3 , gy»t« of con.«itl«»X «»»h«4 «»*“*•” 


Class **'**-- , 

<*»*««* *•*lch ^“^^O^STWIS^rlhi: oui. 

of ££h)S «»« «BuE 5 . in P ut teta card * ort *” 4 “ f0U °” ! ■ 

' At# Sirot cow* * . 

.optional*’as per .Section 1.0a ). 

oohs^ANTS" card, which seme to transfer 

' ^ ^To the JSS Question frW overlay**^ 4T). 


jioture 


H«rt coma a miscellaneous data card. 


•# ■’ 
N ! -> 


flhfV — - • , 

R. xt «o«. on. (or «* 

th« w"S«r of conAuot^y oh,;^; P of op'tp”«*»••» ■ 

S. STtt. JTS -LM «* ■—■;•■- 

,' 4W ,_ mvtm( oordo of g«o»»**io»l «n4 

tort oo- too (or P"*?**^, STwotJ. *•«•. *« *“" 80 ; 

■'Z£3£Z-ZZZ£T«- —*■ -, 

««. on. (or g W «^tS« , 

and vertical l°oaticnof to fonrSC ocaxiaX 

in the ayatem. A tin«lo ^ eto . 

. oableai two cards are retired for ?-o » • 

“ f ... ^ gua. veeistivi^ 

f " ,,hloh “ w ‘ 

are to he oalodated. 

^TTi^nb. 

overhead eahle ^ r9 '*h* _,*** oonolex earth aodel. 1* t fi * 



■ ■% \ 


< * "*' V 4 ' 


2 53 


Aio. 


All 


Repost the data of Point A7< p rt j_ x * a _ 

Jiscrete frequencies or frequency ranges as ms^bed25^^ f,W ** 
Signal the end of ouch data by mien, V a“l2* oL£ 

t^Mpa^t: A L%°i u i? •* h a-*-.. 

within th. "CABLE C0(ISTAnB" , r ^ tl ^° ’ «Jta 0 «» 

btek to the regular BMP eolution-^4«' Hairdo ^ “ nt ” 1 

EHTP data case. , * *®»«y to read in a new 

* , ' 

If the user wants to shut off the EMTP at *Me **».* / .. 

execute a following ENffiP data m,**\ u \ point (rather than 

"BEGIN I®/ Mftflgr oS'JSTa. h !L?S? a ! »** • 
card. This is - per sZtV Jo! P ? lnt ’ f0llOV,,! by * «*“* 


£lagS B Ba ta 3trun<pi n , 


B2 * 


®3. 


W a SCpir °LfflS t !!t! f S0 J?‘“ Ua «*““ 'Mob ere all mcl «,„ d 

«.—kjes sts=. •ssnsf^ 

.: SBSTiV "S ”,5.”)““' — <■—» . 

. . I 

Next cornea a h CkWM CONSTANTS** ^ . * 

control to the overlay in que.tion ■<>£?££$ SS 

Next ooaies a miscellaneous data card, ‘ 

,«ert will ooffle on. curd which give, pareaetem of the pipe. 

location *2^.132^152 *ioh apeoifi»» the 

will hnffio, for up to 4® p l p *‘ <>“•<*»* 

*« 5-8 SC coaxial oablea^ e 5£T °* blM ’ *" *• «**»« 

the^number upon which i. punched 

the system. * P **° h 80 •*»*«* cable of 

cabled two oSjetS ^ . 

daS fZ*JZ iroSSdS^ablTIn geom 5 trlcal «* Phf*«ial 

coaxial cables, a «aSSsT^e" 60 , 

* 8iY *“ horizontal and vertioal location 

and frequency (o?*rMuenoiee^S^ 8 *w *?? eartfa ^^ctivity 
are to be calculated^ **n**n*U*) for which cable constants 


35 


B6i 


»V.„ _ 


C\ •*"**,’. <' 


•V’ - . = 


,?*• ft ,4 f- 


V. Jv' 


»10, 


Only if the atratified earth Mi.u« , » , 

cable eyet™, twJI^SttSrt S."®* 1 f # *' “ 
«ive «u paraaetera of tw» wl0 * r# »®t«ired, to 

—»^iSiwSSflsij sar ««» 

nw*«n«puB, no such cards eaciet. 






i 5‘ ■ 


... v . . •. . . 254 • 

• B11. Bof r <^*n=y°«*''geo »s «*y be v 

vP sssswr&rw*——■ 

• (kite case. 

' . . . it,- frMipc *4 this point {j^th*r than. 

Bt% If the user wants tootajt - shetiU si#!? «dd a 

solve a.following EKTP data '* u !>oi»* T followed by a 

mr DATA CASr <**« « «“* p * {L T • 
biS*«"*. mu 1® •* !** seeiion t.«b * 


• v v 1 

'. ••; m 

; 1 *\ i 

** ‘ ^ 

;, >*/V.* ,? j 
;-f 

v. f $ 

: r • *, .;j 

.*; *.; * : ’;i 




ojjaa C Bata sttog jaas 


Cansidor the e»b «... CST?//’«- 

aMally solved mIeb the .. n^ cSsTAMS" for «ii» «*« ° f I** 1 ** *^ U 
’SMTP data case which usee f<fUoW) 

then have input data carle ordered 




'y ' 

.• V 


ct. 


' 02 . 


05 


n«rt com. . *M»® ®», S g*x®*®*" < “ rt ^ r • . -..,'.• 

optional, aa per Soc«on 1.0a ) . . 

hpaot*e OONSUAKfS 11 card* ••**** tatxdii© 0I§ 

S&St the «*? SILuon (M “**“4 .. • -.i 

^ - * * 


Next comes a miscellaneous data card- 


X54. next come three cards f« f* ' - 

overhead conductor system. ?a»sffl»' ^ amber Of .. 

number of phaaee, t ^/ U ^^STdatl!^onduotor ******** 

SSJjStL’S'S“4r«« riBht of «y, ,010. ** — 
vould be involved. 


.’ \ 
. 'V 


05^ 


C6. 


C7. 


would oe in***- . . . + 

H«t —» -• ' 0.”S' , [ £35^ 

sjTjsrssrjiryS«. sk.'s..’ - ^rr • 

two card* «« requlredf ox3 %felch is supported by its own . 

oonpied *i*&* circuits, e^h r^uire four card* > • ■ 

towers and has a sin f^- S r 5 1 ^? e ^tal **— four for each circuit) • 
(*—;e- “»* lght . nOT Mrth ra »i«tivity 

»•*» «•” V f n , S.'S‘t4Sw«*S *r ahioh U« «««»•>*» ; 

and frtqttW ^or tenge oi ** u 

are to be caleulatsd* . • \ 

t- * w** Nttkaaawa stxatified earth model is be «g. ., v 

^ u M*astfs» - s.nsr.«^ : 
: s^WiJSs-r ^ ui “ hMK>gB " 6u9,B0 mch ; 




^BS 




Repeat the data of Point C6 and Point C7 for as many different 
discrete frequencies or frequency rentes as may be desired# ■ 
Signal the end of .such data by means .of a blank card. . : V 




C9* Repeatf<the data of Points 03 * OS as often as may be desired. 
Each siaqh. grouping is a separate# distinct# independent, data, saw 
, withi^the ’’CABLE CONSTANTS" routine. Signal the end of such 
databy means.of a blank card, which serves to transfer control 
. back to the regular BSETP solution mode# ready to read a new SSsBPP , 
, data ease. 

CIO. If the user wants to shut off the EMTP at this point (rather than 
execute a following SMTP data case), he 'should simply add a 
. ’’BEGIN.NEW DATA CASE'* card at this point# followed by St blank 
card. Phis is as per Section 1#0b * 


7.7.3 - Specific Format-for 


Jata Caras 


/' . ^ The preceding section outlined the structure of a ’’CABLE. CONSTANTS” data 
ease in general terms# for each of the three different general classes of 
geometry which are•„-permitted. The format and meaning of the associated data 

, cards shall now be described in detail. Unsealed fiKS units are consistently 
used throughout, it may be noted (e.g.#, distance in meters# voltage in yolts# , 
capacitance in farads# etc.). . 

’ t ” 

Format for ''A3” . ”B3" « and ”C 3” data • , *. 

The miscellaneous data card of Points A3 # B3 # and .03 is. to be , 
•punched according to the following formats . ; .' i -' 


o.i j 

*>i:iS-j:Ui| sii|3!H5 tiiiitlT 

. jZ ' ' :»-4 -r . | act.... • ; v4. \ 1 2T 

is its -isi- ulr jjs- 4isi iisl -ixs! -isj- 


<!>•;«* 
< ■ 41 

•*!» | 

tt- t i u. 
*** r "!•>-*■ 


ITYPBC 

(1-5) 




-> 1 ; ••• r - • 


Flag which, indicates the class of data.case which '• 

is presently being inputted: ’ . 

-*.*«*• * \ 

Class A : Punch a "2” # which implies a . 

system of SC coaxial cables without 
any surrounding pipe. 

Clasp B : Punch a ”3” # which implies'a 

system of SC coaxial cables which 

are enclosed within a conducting pipe. 

\ , 

. £-... Class C : Punch a ”1” , which implies a : 

ay stem of conventional overhead - 
conductors. 


. #» 
#< 





i 


ISSS* - 


Mr cut,, * Q«4 0 s «««, “isrsr .feu**** . 

<«i»+twr th. «rtl« «!*** i* uiKfjrgmun* «» In ***< •• 

^ *»$ ‘ Hft {laifisdi cable system* : / \ ’ 

I 0 r-»» IfcbW spate® is in ths.-air* tat is touching v. 
.;• € . , . the earth** surface." 8es furiasr 

| ..• '■ comment elsewhere. •' •• 

I +\ vs& Cfcbls system is in the air* ****** ***’ 

% ; surface of the earth« ( ., 

jter Class C eases, "ISW Indicates yoasihU 
transposition* 

; / r o mP Bntransposed overhead line! 

| 2 ssp Continuausly-trsnapoaed overhead lime* 


" 8PC 
<n*i5) 


Class A ' 
Class B 

Class 0 


Ibneber of SC coaxial cables eteicft SSke- 
up the system of Interest* 

i Oie number of transmission circuits «toleb 
make up the overhead system of Interest* 
S,g„ the most common case mill have lust 
KPC m 1 circuit, which will consist Of _ 
three phase-conductor bundle* {ft* a >y»a*s 
line) and possibly one or more gneund-mire 

bundles. 


IBAKCH 
{16-20) 


KMQDE . 
(21-25) 


IZEAO 

(26-30) 


WUg indicating whieh model for the earth is to be 
used) 

r o wfor homogeneous (Carson) earth 
i model* 

« qq — ■ for 3-layer stratified (Hafcagawa) 

V " earth model. fti* i» alleged only 

1 for overhead systems (miscellaneous .. 

I data parameter "ISYST" equal to 0 or 1 )♦ 

yu* used to request the calculation and ou tpu t of 
Wio^^odal^uantities of Interest, as further 
described in Section 

C o Ho modal calculation or output* „ 

it m* Modal quantities will be calculated and printed. 

nag Which indicates the format of „ dooain: 

oSp U t (inductance, or reactance, or both) in the phase commin* 

J O Print matrices' 1 (ft} • a4 • 1^1 * 

\ mp print matrices (r! *®* I. 
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■ fl A 


Tbe diagonal elements are self-impedances of «*the o<&duct0fs •and-the off- 
diagnoal eiemea*e>>ar?.jihe »wtual impedances* For overhew liaes, the. order ■ *&'•' . 
of the printout ie the'earns as that of the phase conductors are,inputted. ; ,;f 

fc* SC Coaxial cables, , the printout start* from the inner-most conductor \ 
of caoh cable;in thaler of input, then continues to fche next outer l*y«r . .. 
of the conductor of each cable, etc., for a pipe-type Rafale system, the lest 
series-impedance in the printout ie for the pipe. j. 


jyplAG —— Slag which indicates the format of shunt-admittance 

(31-35) output (capacitance, or eueceptanoe, or both) 

ia the phase domains • " . , 

{ O Print matrices t°l and [cl > 


\ 1 «*$► Print matrices |c*J -and. W|,C): l 
print both of the above. 

The order of this printout is same as that for the ssries-ittpedanoe * 


NPP 

? (36-40) 


Class A 
Class C 


Unused (leave blank)* 


C3.aes B -s*. f 1 pipe of finite thickness 

*, 4 0 qs$> pipe of infinite thlckneaa. 

1 Miscellaneous data parameter 

“larsf" must also be aero, in 

V this case. 


KGRND 

(41-45) 


Clast A 


{ 0 
1 


Hone' of the outside conductors 
is grounded. 

the outside conductor of a cable 
ie grounded. 


Clase B 
Claes 0 


f 0 Pips is not grounded. 
I 1 w* pipe ie grounded. 

Unused (leave blank). 
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JJ ! 
4 \ . 


format for ^Ad" and OMU — 

For cabl wmtea* (either 'Haw A Of CliM I )# the number of 
conductors which «pke up each SC coaxial cable of the eyetaa m»t be indicated! 
the following fonaat is used* 



NC p-p _The k-th SC coaxial cable of the ejrsta# hae this 

k many conductors in it: * 

3 for the SC coaxial cable which has all tnree 
conductors: core, sheath and araori 

for the SC coaxial cable which has only two 
conductors: core and sheatht 

\ ^ t <v for the situation of a core only* 

ttU «,os*a of this input, it any be noted that the SC 
For purposes ox raw f » i^ c »« 4 9uch numbering is arbitrary, 

1W« * « ™**® r *l r ^*i HCPJV mwt be non-lnoreeetn* (that 1», *U 

oxaapt that the atrfn* ot Jra^ ■* ^^uotor caUaa *4 

veond-.ctor SC coaxial cable.). tfci. 

' r-eeu^to app* throughout the re.t of 

the data case* < 



- : V: 


2SS 


^format for H B4 i * data 


■: point B4 data consists of a stable cart, upon,*hieh the ww.ii 

various parameters of the pipe. The following format applies* 


liZUL 


leio.i;. 


> rp 4 : 

* • 1 i 


• Eio.t: 


MfV 


Eio.t 


E10.1 


Fr 


ElO.t 

t.l.i 1*1 ■■>!!■>■ i 


EEEEEEEEHE 


4 : 


• ft**'- 


eio.t 




eto’.i 




•vvr; **<.-• 


r^e • 


* • . 




H? 1 

W, 

"j 

? 

M- 


lrui 03 ? ct*4iufi* of 1 tha plp&p In unit© o f moter^ •- 
Outer »dlue of th$ pipe# in units of meters ♦- 




>; *■ x...‘ f v* 

•’ \ • *11, 

■; *' 


r •<'. \ :{■' 

. *r * 


'• { '■- ■ '- 
« : * * 4 


■h.V . 


>ri 


: 1 „ .?v. 

'}*• r* 

'{ *a* 


*hV ■ ’ 

. '« J*'-*. , 

*C/-, : 

: - .v;.-‘vr *; 
;-r 

’v * . i. fir;. 

i.. ^; i. - 


Outer radius of the tubular Insulator which surrounds 
i the pipe, in unite of meters. * . V 

Resistivity of the pipe, in units of ohm-meters > * 

/ Relative permeability of'the pipe. This is a dimensionless 
-'.number, the .ratio of the permeability of the pipe t© the 
permeability of free space. . ’ 

■„- T ,~ T -: • Relative permittivity of the insulating medium which 

is inside the pipe (between the pipe and the SC coaxi 1 
•, ,. '’1 cables-which are contained). . This ia a dimensionless 
? V ; ^hahtity, the ratio of the permittivity of the inner : * 
insulating medixmt to .the permittivity of free space. 

Relative.permittivity of the insulating tube which . 

. Sttrrounjde the pipe. This is a dimensionless quantity.^ 


% 




i 

• V 1 




. - . ■ . ,f , C'y * - 

■!;,(<•• • 

i ; -r„ , ft ■' \>y> ■■ 

j <*•'.*• •>' .* 

f V’ •; 


• * : 1m.O- ri^ ■ 

i V;.**'/} 

/; j ;:-r 

:•» ■ ‘-‘v- vh?; 1 

4 ; 1 \y"X\ i' • 


■' * .tr\ .-* * 

’ v v ^ V A ; 


v** ’ 

of* fcartK 
Surv-cunis 
toWlsf*- 
UivUter- 
ol f»pe 




„>v ; s * 


-,:a fn- H;. 

•VC ' ■ *’ f . '* 


i*. - f 1 •; 

, t v; 


f r 

li 


r 'V v * '-±;y v \(. ; * 


.I', ! ‘«.*' Jt * f * ; J. 1 ' f. V 

- ;' 1 ,-v. ", *1 ■ ■ ^ 1 • ,' %■ V* ‘ .• . 

CC' CC-z-Cv- v 

- •: ,• cV/-: 7’ ,c - -A/V . *•V 

■ . ■ - ■*L- " C, * - 



v 





* * ' .j . .* * ,J • " V" ' '. . ■ '.: it W\ • .* .**v-A -1 ■•*•, J 

■-• ■■-•■■ ■ ■ • ■ ■., • ■ 'A',; 1 ?;«( I 1 


rorVW :aa» V- ■■" • , .,.VV :J«W ST 

'«u,l s i c h ; Hrcult of «• kgttm-vt ootwsntlorai overhead conductor# i*ioh y,f Jj-Jj 

‘i wS.SSioi. three data card* of. the following format ere to u punchy. 



> ' •. . rr-ii 

1.' t;i' /' 

? ' ’ ’••:.'•• ■ i l' : . • ; "V,'v ’ ' ' > * 

v*«. ’ • »■ . ' . J . ‘f 1 Ur »•• -I,,' r 

‘t« - V- ■* ‘ - « : J ‘ -• . t , 


k . 


"i .:,j 


33333323*^3315 

».! i 


;-Sja!i 


..ElOll' 


E1EEEC3REBB 


:}.r 

I 

I 


S3HiS«fipiil33HS333 ">'. 



.1 


*i:Vi 




in? 


NO 


, KHP 


—- : The number of phase-wire bundles which belong to the 
yi; : circuit in question. B.g., for a 3-phase circuit, 
y ; V' «KP** will equal three* 

:..y • • . .•••.'* 

The number of ground-wire bundles which belong to the 
circuit in question# 


;• y. 


t; t . 

, {' V • 

- v, i 

' ’ 


KBG 


„-J ;• The number of individual physical conductors which_. 

:* compose each phase-wire bundle of .the circuit in question. - 
’ ; •'." ' if there is no bundling of phase wires, TCBP will . . 

V. . equal unity. • * ^ 

-l r 5he number of individual physical conductors which . *.V 

• • compose each ground-wire bundle of the circuit in ques . v ; 
If there is no bundling of ground wires, KBO will . .. 

• . equal unity. *_ .. . 


fit A 

U . “ sJ 

-'y-:, 3EPfc 


Si 


Nfr * 2. 
K6G * 3 


, :-.v r rJ-i 

AAAI I 

' : y-V -..f v m 


’ ■ i 


a. V am 


y . 


b * 

QlA 

K 


HP * 3 

Ke ?■ * 4 



. •’ : ; % • . . , ' ' . . . * • * ’ . i# , " • * . .*•* 

ng. 5 . -w****** ® 

line (as sqen in croes-terfUon)* ^ three P^ 8 ?^ ire 

' bundles are of four conductors each? there are two 

' ground-wire toadies, ot 







■ . Iv3'C?!f . O re?!? radius of the tubular 

P conductors which are used 

. • v for -'ach phase-wire bundle 

of the circuit in question. 
r . Unite are teeterJ # 

' HOT ‘ — Inner radius of the tubular 

P conductors whith are used 

. for each phase-wire bundle 
of the circuit in question. 
Units fro meters » 

t • * 

ROUT ft — Outer radius of the tubular 
& conductors which are used • 

' for each ground-wire bundle 

of the circuit in question* 

5 . Units are meters * 

SOT* —— Inner radius of the tubular 

u ■ . conductors which are used 

for each ground-wire bundle 
V , of the circuit in question. 

• Unite are meters * 






«»»<— ■ Separation between centers of two 

adjacent conductors of any one of the 
phase-wire bundles. Units are meters . . * 

: ' . fhe "KBP" conductors of the bundle are assumed to * 

‘ ; ' be uniformly spaced around the circumference of a circle. O] 

—_Separation between centers of two adjacent conductors 

of any one of the ground-wire bundles. Units are meters • 

• The M KBG" conductors of the bundle are assumed to 
be uniformly spaced around the circumference of a circle. 



Fig. 8. Illustration of two different 
. bundles? that on the left 
has four conductors* while 
the bundle on the right has 
only two. Note the 
uniform spacing* 



Resistivity of the material used in each tubular • 
conductor of each phase-wire bundle of the circuit 
under consideration. Units are ohm-meters • 

Relative permeability Of the material u&ed in each 
tubular conductor of each phase-wire bundle of the 
circuit under consideration. ibis Is a dimensionless 

quantity. ■ ... A -1. ,\ r v 









Resistivity of the mat rial which is used la each 
tubular conductor of each ground-wire bundle of the 
circuit under consideration* Units are ohm-meters 

Relative permeability of the material which is used 
in each tubular conductor of each ground-wire bundle 
of the circuit under consideration* Shis is a 
dimensionless quantity. 


$'i\ 

II] 


j. , • ;• ’ 

?; ] 
1 , H 

}■! r - 

r 


"B7 H data 


■ For each 30 coaxial cable of the eyatem, a maximum of three data 
cards are to be punched according to the following format* Such cards 
are to be stacked in the circuit order which was defined for Feint 
h A4 m data* 

:i^tl'j : ! ra : t piir3 iJ ! IhNI’' i 1 ifs••)j r-'jfcj-* . ^ 

n 

nn^ :jf:^;p3-:TOea%>ia 33^IiMipgg3piaai ^ 

, •••<.*4 i rjulh'. } I’ 1 l i : r^' ' trj'J htwIt ir-1 

, ':e:M !:x m e■: ; :l«ion: 1 iioi. : ;••;:Mio.r;.[iiota:jx&fej 

M i i 1 * . j;* .._ ;.»j:_..... - '■ .: t- —■-*•-*■■ ' ■ ■ -----.. • '.- t.. mm 


j. ■ ■ ■ - ; i 1 ; u -^ia j > 

; f~ f/a X i |£i«iM'- 1 




» fe *« 


$yj\ 



fubUlar core (subscript "c” ) 
of the SC coaxial cable* 

> 

'lot insulation layer 
(subscript M I1 W /* which 
lies between the' core and 
the sheath. 



p: TufcMlar lihoatb (etsbocript ,M s n ) 
[b of the SC coaxial cable* 

p?rwt immiation layer 
| (oubocript *S? W which 

\ aurrountie the eh eat ft* 


[ Tubular ainnor ( HUhdoript ”ft”) 
of the.. S'eV coajtifti cable. 

[ ^rd Ineulitilon layer 
[ {cebnnript;./"#« J ), which 
s .eHirrouada Wve. wwoi*! 
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taw radius of the tubular core, for the SC 
coaxial cable under consideration* • Units are 


meters 


- Outer radius of the tubular core {equal to the inner • ; 
. mdiue of the first tnsulatiyqr layer), for th SC 

coaxial cable under oopsidera tion* Units are meter® 

- Inner radius of the sheath (equal to the outer 
radius of the first insulating layer)} for the SC 

•; coaxial cable under consideration, Unite are meter® ’ 

- Outer radius of the Sheath (equal to the inner Jy 

: TOdius of the second insulating layer), for the SC ' 
'coaxial cable under consideration. Units are meter* 

Inner radius of the armor (equal to the outer radius of 
the second insulating layer), for the 80 coaxial cable 
under consideration. Units are meters , 

°J JJ* &Xm ° r i eqml t0 th ® ilWer Of ' ' 

the third Insulating layer), for the SC coaxial cable 
under consideration. Unite are meters 

t.- * * 9 t t 

< ?“!" rad J“» °* tl » thtrt "(outer**,.*) layer of Insulation, 
are t »et*rn cable ™ aer consideration. Units 1 

‘ ^ 
Resistivity of the tubular core, for the SO 
coaxial cable under, consideration. Units are ohm-^etetts 

Relative’ permeability of the tubular core, for the SC 

coaxial, cable under consideration. This is a .’ V.. 

dimensionless quantity* 

Relative permeability of the 1st insulating layer. ' This 
is a dimensionless quantity. 

Relative permittivity of the 1st insulating layer, 
inis is a dimensionless quantity, . 

Resistivity of the tubular sheath, for the SC coaxial ; 
cable under consideration* Unite are. ohm-meters . 

Relative permeability of-the tubular sheath. This ’ • 
is a dimensionless quantity. . < . ’ 

Pgwrtrtlijy of tho 2nd inmilating layer. ■ ■ V , 

•Qiia la a dimensionless quantity. *0 

of m " ^ iMulitlng layer. 'V' 
Mxjm Is a d imene ionl qtaeuatity* 
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, tubular armor, for the SO coaxial 
!sratloh«**0»lt* are Qhsa-»atera * ,\ 

Relative permeability of the tubular arwor** $hle 1# a 
. dimensionless quantity* ' ■ 

Relative permeability of the 5*4 insulating layer* 
this Is a dimensionless quantity* • : i,;. 

Relative permittivity of the 3rd insulating layer. , 
fhio ie a dimeneionlesC quantity* •;.•••:' 
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Format tor ,r B5 w data 

ihe location of each of the "NPC" SC coaxial ‘cables within the 
wading conducting pipe is specif led. by one (or possibly more), card of 

the following format* 


Ilf i 
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WV' n tote: •-'jufie-w H 4 ^ir*^ : s*!f-r^ik 

feafe 3 §gM s :J 
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■ v r *;. 
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. ©1ST, -— Distance between the center of the pipe and the center 

It of the k-th SC coaxial cable, in unite of metera .*. 

V- ram,' - Angular position of the k-th SC coaxial cable, in- \ 

t units of degrew# 


G> 
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Here the pair, ’ (DXS?^ t THETA^) 
1 b simply the conventional polar 
ooordinate location of the k-th 
3C coaxial cable* ®*e origin 
is taken to bo the center of the 

pipe (see sketch), with the ’ 

positive x-axie directed . 
horizontally to the right*. 


1 - •• ’ :,^V *' :*• 

■ l‘ V *‘.i» ?•; '*>/■ Vi:’! 

U ,* 1.1 « .. V *Vi . i 

*i .••,*' i :V' r 
• * * > '• *•/ * . ’ / 4 * 




,•** *; V * , • * 'i 




‘ ‘I ,, .* 






?&4 


!.'• for '*' lf, C5 w data >•' '• ?/ 

> ; v . each bundle of the overhead conductor system, a triplet’ of msmbera, 

V giving the horizontal and vertical location ie to be Applied, according to 
;fche following format? 


r ? 


M . 


CBpt5CfflCOEetSEBCEEEBK!E0fi!l5l5Bt3^Pf3l3 


mm 
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£ 10 . 1 ; 


HORIi 
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£ 10.1 


Mmm i ddddsId^dclaleTa g ~i 

p* i ■ ; it'**"o41 n6iVb'erj' - l^r V 

• .*!*•. 'V ta*<Ue, of the "Shiieni \ 

■ iiif«.i. ... • 7 l 
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■'■v. ) 


■-■ r 




VTOWER^ 


VMH^ 


horiz. 


Height above the earth's surface of the center Of. v 
. the k-th bundle? this is height in meters , at 
the tower (the maximum height)* 

Height above the earth's surface of the center of 
the k-th bundle* this is height in meters , at 
mid-span (bhe minimum height), 

The center of the k-th bundle is this far to bhe 
right of an arbitrarily chosen reference line. 
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• With regard to the ordering of the bundles which belong to the system under 
„ study (l.e., index 'V ) , two rules must be .observed: 


"i 
1 ’{ 




—* First come all phase-wire, bundles of the system, in order of 
the circuit number to which they, belong (as established by 
Point Ci data). I*e., start .with all phase-wire bundles 
' \ of clrcui ' fc number one? then consider all of the phase-wire ' 

, ■ .bundles of oircuit-number, two,. etc. 

-•.SaiSJL * plea come all (if there are any) ground-wire bundles of the' system. 
• V: - r r 1 °^ er o{ the circuit number to which they belong (as established 

4 . ■K ? 0in j, ^ data). • l.e., start with all ground-wire bundles 

-'/v-V, of circuit number one, if any? then consider all of the ground- 
w ire bundles of circuit number two, etc. 

Within any one oircuit, ordering of the phase-wire bundles and the 
ground-wipe, bundles i. arbitrary. Itowj of the' resulting line constants 
jatricos . t*| , Cl?, ani Co? .ill be based on this ordering, 
nowaver, it might be noted • See the example of Sectiori • 
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Fomat Jjor "A6" data. - 
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for ach of the "NTC" SC coajdnl coble# of the system, horizontal 
^ vertical coordinates which locate the center must be • specif led, as follows*. 
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Vertical separation between the center of the k~th 
3C coaxial cable and the surface of the. earth, in 
units of metero • This is always a positive 
number, whether the system of SC coaxial cables 
is below the ground or not* 

The center of the k-th SO coaxial cable Is this 
far (in meters) to the right of an arbitrary reference 

line* 


Here the ordering of the SC coaxial 
ablee in4« ) i* “» 
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format for "C6" * M A7 H t * nd " B9 " 

The "frequency oard" of all three classes 
of data cases has the same format:. 

ragjjgaiiiigpEMB 





BHO 

(1-15) 


FREQ 

(l6«*30) 


Resistivity of «M top ; ;; . 

the earth, in Unite of,. oto -* ,ter ' • • . ; 

if«. teW) ’■* 
S^SSv «r W uoifor* -rtu. : 

‘Prequenoy In Herts . «* *J»*Mj£* data) . . , 

• or "B9"' data) or line .fliy one fraquenoy be desired. 

« ^ 00 o^ouXstsd, eh«M 




vm K 


Zicb 

k 'fel&afc or a to field «1U be defaulted to the 
synchronous power System frequency («e*»rally 50 H* 

<£ 60 He), as defined by variable «8fA*F»« of 
Ss^UatiinHlopendent of »*** 

overlay liuraber 1 * 

4 

tf the automatic looping over Io^rl thmtc&Uy-spacsd 
freaucnoies has been requested fey the user (parameter 
mgjgc" of columns 5J-35 greater than aero}* then 
»? 2 gQ* i« the beginning (i.e.* the lowest) frequency 

-of the scan. 

leave blank for the normal single-frequency 
calculation* »ut if the user- manta automatic 
looming over logarithmically-spaced frequencies, 
thS is the number of deeadec >t frequency 

space which are to he spanned* 


im 

(56-40) 


IWkve felatjk for the normal oingle-frequeney 
calculation. But if the user wants automatic 
loosing over logarithmically-spaaed frequencies * 
then J °IPWr" is the number of points per decade 
of frequency- space At which IB1 * t**l * *** £® I 

are to he calculated. 


pm t 

(41-4&) 


Len *th of the transmission circuit under consideration, 
in units of meters * fhie field can usually be 
lefi blank* It need be- punched only for the following 

situations* 

. t) for use with "SEMLYBN SBTOP" j see 
Section 7.5 • 

2 ) For use with ‘ "AMETAlfl SgfBP* * **» 

Section 7.6 * 


m* 


formally this field is left blank. It to 
used to request son-printed output of modal 
quantises, for the case vfaere there is automatic 
internal looping over logari thmi cally-ap«oed 
frequencies. Punch * 

« 08 «_Por the connection of aero-sequence 

(ground mode) impedances with 
"WEI0BTI»0 w * This »ss mowing 
only when a. "CABI« mmm* .,v 

data case, it imbedded in a 
data ease. 

«B9« -- As just described for *88" * oefty 

for the lUBproirtmuer line mode \to%mt 
than for the sroued mod *. 
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ypnaat for "07“ . "kB" . and ”B10” data 

If the 3-layer stratified (Kakagawa) earth modeling la being used, 
then the just-daeoribed ’’frequency card” 1* to Immediately be followed by 
two cards of the following formati 



CCCBGfi 


EEEpaig 





1 -r. 
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EEBEESBS!RiEEEBEBBEGEQ5EBI3f3BBEEREC10DH0EI3E®EER!C)21B 
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r-i 
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eIo.i; ! 
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eicli 


si 

» : *«■ l' 


fy. 




El 0.1 


nss,j 

(i-io) 


Distance below the surface of the 'earth at whloh layer 
number .1 ends and layer number 2 begins* Unite 
ere meters * See sketch below* 
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i' •./ v 


•i .« t 


m? 23 

( 11 - 20 ) 


mo 2 

( 21 - 30 ) 

RHOj .* 

(31-40) 



€ c 


as»g 

Distanoe below the surface of the earth at ^»ieh 
layer number ? enda and layer number 3 begins# 

Units ar* ®«ter» * he«aU that layer number $ 
is Infinitely deep, ^ w * 


Resistivities of layers number ? and 3 of the 
earth, respectively* Units ore ohm-meters . 
Recall that “RHO" of the frequency card is used 
to specify the resistivity cf layer number 1 , 


f 6 3 at * Ve P erm ®* bi litiee of layers number 1 , 2 , 

And 3 of the earth* respectively, These are 
dimensionless quantities. 


Relative permittivities of layers number 1 
And 3 of the earth, respectively. These 
are dimensionless quantities. 


'i' 


SForaat for H BS” data 

r se cS^iirSblesf*?? 8 ?! hl^VI;® cen !! r of the PiP® (which encloses the 
. , OU coaxial cables/ is to be punched according to the following format* 

■* '■ *—if . „.... 
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lit 


P. 
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oSts^f^are ^meterr** 1 **’ ******* th * ^P® 1 ® beIow the ground or not. 
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; 7.7,4 ' Degenerate Configurations and S^j^gjLjC egj^ ■ ; •' '/ 'v'-'’:. 

• v ■ It is the purpose of the prosept section to describe hew the user of' *- * ^’V' 

"CABLE CONSTANTS” can handle Special configurations Which are lees general _' ’’ 'i'UW'r 
than those described in Section -V.' 




A) Pipe without? tubular Insulator around it 

•i « . * 

. Suppose that a pipe-type (Cla??s 0) 
configuration is involved) but without 
any insulating tubs around the outei.de 
of the conducting pipe; Then Point BA ., 
data is to be t reated ha follows:,.___. 

1, Leave HP, ^Qlumn* .21-30) 
blank. 

, 4 

2. Leave the data ; #tsld $&?r ^2 
(columns 61-70 )blank* 



B) Infl.nltelv-thlck pipe 

i • ... 

While physically unrealizable) f. pipe 
of infinite thickness is nonetheless useful 
in certain situations as a modeling 
.-proximtion. This is a special case 
of the Class B situation. By definition, 
there in no earth for this case, and all 
zero—sequence current of the enolosed SC 
coaxial cables must return through the 
pipe Data requirements for this special 
case are ae follows: 

1. On the Point B3 miscellaneous 
data card, two parameters are 
to be punched unusually: 

"ISYST” of columns ,6-10 ■*• 

is to be punched zero} 

"NPP" of columns 36-40 
1 ; is to be punched zero 
(rather than the usual 
value of unity). \ (i 

2* On the Point B4 data card, three 
data fields can be left blank: , 


iliumnih 

plfid* e>ten<4» to . 

in ftni-tij .V 





m 

<r 

’ -t* 


n W?2 n o£ C° lv;u,als 
"KPj" of columns 

« 6o” of columns 


11-20 

21-30 

61-70 


,..y. 


On the, "frequency card" 
i 6-r50 ! can be left. blank 


of 


since the outer radii of the 
pipe and the' surrounding insulator 
1 ar? not even finite. ■ y ~- 

Since the surrounding insulator 
does not even exist (or if it does,; ; 
it is ii&iaitely far away!>. . : : 

Point B9 data,, field BHO” of columns 
~r since, the earth no longer exists. 


I 






Z) Solid core for SC coaxial cable 

For either Class A or Class B cable 
systems, the core of any SC coaxial cable can 
be made solid rather than tubal r, if so desired* 
She first of two Point A5 or Point 37 data 
cards has columns 1—10 used for punchl tig the 
inner radius r-j of the tubular core* Simply 
set this parameter to zero, to produce a solid 
core* 



i , > 


D) Solid overhead-line co n ductors 

For a conventional overhead transmission 
line of Class C , the conductors of either 
the phase-wire bundles or the ground-wire 
bundles can be made solid, rather than 
tubular, if so desired. Recall that the 
second of three Point C4 data cards , 
is punched with an inner radius RXtfp 
for phase-wire conductors, and RIN^ > 
for ground-wire conductors. 

1 • Sot RINj) of columns 11-20 

equal to zero, in order to obtain 
solid conductors for the phase 
wires. . 

2. Set RINq of columns 31-40 

equal to zero, in order to obtain 
solid conductors for the ground 
• wires. 



B) Wo bundling of conductors 


> 

a conventional overhead transmission line of Class fe , it is 
bundled 1611 SpeCifleB whether Phase-wire or ground-wire conductors 


U 


If a Phase-wire bundle only consists of a single tubular conductor 
ii.e., if there is no bundling of phase conductors), then "KHP" 
of columns 11-15 of the'first Point 04 data card will be punched 
equal to unity, by definition. Held 3EP p of columns 41-un 

Z£J£2L mnt 4ato -»• «•“ 21.?? 5Sr Jl: 5 « n c. 

interconduetor separation within * phwe-wtm buna, ions not emit. 

canductorsJ^then^'^BG" 01 ' 

eourt to omv, * lenm'tion!* 04 S&* “^cSSnS 9 sTso" 1 

interconduetor •» »' no. 

8pOrStl0n "M 5 ? 1 * * ground-wire bundle, does not exist. 


m. 





P) 80 coaxial cable without outer Insulator 


• • For ft Class A ©r Class 8 data 
case* the out r (or 3rd) layer of . 
insulation of any SC coaxial cable oan 
be omitted* In this case, the three 
Point A5 or Point B7 data cards are 
handled as follows* 

,1* Leave r~ (columns 61-70) of * 
the first card) blank* 

2. Leave data fields and 

€ (columns 31-40«JT 5 the 
third card) blank —- sinoe 
such parameters do not exist* 


or an 


outer 


fot a Class A or Class B data oass, both 
the armor and the outer (or 3rd) layer of 
Insulation of any SC coaxial cable can be ■ 
omitted* In this case, the three Point A5 
or Point B? data cards are' handled as 
follows* 

.1. Leave r ? and r fi (columns $1-70 
of the first card) blank. 

2* Omit the 3rd data card because of * 
the nonexistenoe of ? , » , fjL^ 
and <*. r* P* 



no armor and no o 


For a Cla s A or Class B data case, 
the outer {2nd end 3rd) layers of insulation 
and armor of any SC coaxial cable can bs 
omitted* In this case, the three Point A$ 
or Point B7 data cards are handled as 
follow * 

t Leave r_, and r_ (columns 
41-70 Of'thefirst Sard) blank. 

2. Leave data fields /^ T9 add 
^12 (columns 61-60 A 5f the 

second card) blank and omit 
the third card —since such 

parameters do not exist. 




















•:* - 


conxtal cable vrtth no* whanth and no outer taflUlfitoga 


iof a’ Clruso A or Clas'i B data case, both 
'to.zcj sheath, armor and the outer (2nd and 3rd) 
luC'./ctis of insulation of any 30 coaxial cable can 
sij omitted* In this case, the three Point A5 or 
pjint B7 data cards ore handled os follow# I 


1. 


2 . 


Leave r, 
31-70 o: 




r*. r t and r, (columns 


;ho firs 


i. wm 

l! card) 


blank* 


Brave blank all other data fields 
which are used for parameters of ths 
nonexistent sheath and outer 
insulator* In particular, there 


are fouri 


s * 


's * 


ri2 and 


12 


(columns 41-00 of the 2nd oard). 



3* Omit the third cord — since parameters 
For armor and its outer insulator do not • 

exjrtt. 

\"k 

<?} 3C coaxial cable having core only (all three Insulators, armorr and 
sheath missing ) ^ ~ * 

Por a Class A or Class B data case, the armor, sheath and all 
three lnycro of insulation of any SC coaxial cable can be omitted, 
leaving just the tubular conductor core. In this oaee, the throe 
Point A5 or Point B7 data cards are 
handled an followsj 


and 


the 


U Leave r , r g , r_, i 
r^ (columns 21-70 of 
flrot card) blank* 

2. Leave blank all other data fields . 
which are used for parameters of, the 
nonexistent sheath and layers of 
insulation* In particular,, there 


are oixs 

Pa » Hl2 

(columns 


» 

and 


II * 
*12 


e » 



21-60 of the 2nd card). 

Omit the third card —since the parameters for armor and ite 
outer insulator do not exist* 



It is important for the user to be aware that "CABLE CONSTANTS" 
treats bundled conductors of conventional overhead 


transmission lines quite differently than 
does . "LINE CONSTANTS"' of Section 
7.4 . The reader may already have 

realised this, sines the Point 04 data 
Is not sufficient to uniquely specify ; 

the geometry of &.bundle. Ho angular 
)0 ition of any one conductor of the 
jundle is specified, it will be noted* 

The. '’LINE CONSTANTS" • code of 
lection 7*5 calculates line conetants 
’or the system of physical conductors first.; 
bis is then reduced, as conductors are *. 
are.lleled (the bundling operation). On 
he other hand, "CAME CONSTANTS" does . ■ 
he bundling at data-input time. The 
eometrlc mean radius of the bundle is ‘ 
amediately calculated, and then a single * 
pproximetcly equivalent conductor is : j. 

..• > » «*» represent each, bundle for the 

ion of line constants. There . ' ' 

-v is any set 6f linfe constants for 
» system of physical conductors, then, 
ien using "CABLE CONSTANTS!' . 




Needless to say, tbie bundling of 
inductors at data-input time simplifies 
ie calculation considerably,. and speeds 
; up. But an approximation is involved, 
i order to estimate the error, line 
ns tan t a have been calculated for the 
phase geometry shown at the right. ' 
e "LINE CONSTANTS" code was , 
ed, for two different, values of the 
vie c< : aero degrees and 90 
*. . >. The radius of the bundles 
f the average height "h" , , the ,, 
paration "B" , and the frequency "f" 
re also varied. In all cases, a 
iductor diameter of 1.093 inches was 
Hi, and ground resistivity was fixed at 
ohm-meters. Results are summarised 



v.h following tabulation* 

Sorry! Example nev r completed? no next page. 
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r ., "HAUER SETUP* Routine 

. means of special, reguest -word "HAUER setup# -»- puma 
cains access to tw supporting routine IhOh h L. J*i ' an EMTP **** 
per the emanation of Sectloh ?! . ThJ *“•' •• -• 

code is to output tne branch rsM/whll* *>rihctP*i function of this >- 

tation of a transmission circuit usino reeursi'v^^ *°f tfte r «Pr**en- 
See Section 1.27, circuit using recursive convolution scheme,. 

, * • • \, - •' /I'--.’ ’ ' • . * ' : ' 

AS mentioned in Section 0*2, item g , . • ' 

paragraph of Section 7.5, "HAUER SETUP" V, aftd the 

Hauer of bpa is a verv sonhi«^*f.ri routine originated by Or. Jonn 

since, tne worK started In sJpieiSher! 197 ^ C t 3 o 0 SB^ n ^ ^ ^ ttln ' , pr< ” r *"- 
dated October S, i9?9 and April 22 llel*h*tl °> SPA ln t«rnai reports, 
to summarize the prooress 98 have been written by Dr. Hauer 

The theory benind this routine can be fou£d°fn ”JJ AUER SETUP " in the EMTP, 
nemo, dated May . 7 , 1980. A ccpy of this 1 , i!auabu“"^ »J U e«"" 41 - 

still being »orKed t on t by lf or!’Hauer! , flner tunln ® £ ° the code Is 

* * ,■ » .• t - 

Structure of "HAUER SE TUP” " . . 

. "HAUER SETUP" Consists Of tWO £MTP 

convensions C as i far n as t bessibie ^t^faeiiit f 0ll0w tfte "SBMLYEN SETUP" 

Possible, to facilitate prototype comparisons, 

7*8*1,1 Overlay 48 


■.'V* 




segments, Overlays 48 and 49 


SEMLVE^Iewp!! a !ts ld ”!n fl !!roon r !! t t U, ' e ' <i Ver5lon ot ov.rlay 43 ( 
data tor aave propagation# characterlstie*!idm?r# frequency response 
formation matrices. The wave 6 admittance, and tne trans*» 

admittance data wm^on*^?^ 0 " Wd ch « a «eristic 

■'SEMLYEN SETUP"” PU See°Section R 7 S 5 TUE, Art iS qulte sim Har to tnat for • 
case is Shown in the following!* 5 ’ * exampl * °* "HAUER SETUP" data 

/BEGIN- NEW DATA CASE ’. 

1 HAUER SETUP . . .. 

BRANCH BEGINAENOA BEGIN8ENDB "’BEGINCENDC 

ha 1J 1 H A/> 4 "0 J Md. 






thl • 

‘c W 'ti 1 


-- “wwAnn 

TOLERANCES 18 



LINE•CONSTANTS 

1.3636 .05215 
1.3636' .05215 

/ 2.3636 ■ .05215 
;. 2.3636 ,05215 

3.3636 .05215 
if 3*3636 ,05215 

2.61 
c *5 2.61 


4 

.4 

4 

4 

4 

•4 

4 
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1.602 
1.602 
1.602 
1.602 
1*602 
1.602 
0.386 
0.386 


-20.75 

-19.25 

-0,75 

0.75 

19.25 

20.75 

-12,9 

12.9 


B O 7 NK v AR 0 tE ?2 INAtING C0N0UCT0R CARDs! 

27 r vfV’. i °; i 

!''Sri-5 £f’S£ IE «Nt«ATINfi FREOUEHCI CARDS 

|. |zS 5 IBHI^il 3 aEM a I ' <e C0NSIA . B * S «ses, :; 

l. BEGIN 1 y 5 .w-.OATA CASE . • - 

■%BLANK. CARO TERMINATING run 
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77.5 

77.5 
50. 
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50, , 
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77.5 
50, , 
50. * 

98.5 
98.5 
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Discussion on data cards of the Juit shown OsOople tilll 
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13 Miscellaneous date card 

The mi sc*., data card for "HAUER jm#}" has the following 
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Many of these variables are also used in "SEMtiYBN SETUP" and 
have the same meaning here# except that the Options for 
kps as 2 and kk « 3 are not honored in "HAUER SETUP w * 
New variables are* 

msspj logic in Overlay 49 will adjust the 

steadystate PI values to agree with the 
model response at *teady»*tate frequency f .# 

mobbw if afti, freguenpy response data cutoff occur* 
when wave response is down by mobbh decibel* * 
rather than the standard 4Qdb, 

iPftCON' A printout control# for which a level between 
o and 3 Is usually appropriate* Increasing 
.values produce further diagnostic output* 

. MQPETX and MFRTST are experimental control* that should 
normally be set to zero* 


S IKCkUDE* nus*„j? taro, 

The control parameters for the fitting progreiii fT 
contained. in a ill* CThe detail* of tfteee fittlng^fjbbet*! 
will be explained in the next section}* # I5J* JJ l * *JsJI*;. 
by using the new "SltfCtUDC" feature of rouiine^j 

section 0*55, Item D51. **: ********** .****?♦ fS? 8g* ** 

file critEl it $T5PITCOW,OAT| the. feroteh unit <*} *»*t 
•$YSPltcOH*0AT will be written on 
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7«8»l, 2 structure eg ftYSm Control 0a|a riH 

SYSFIT control data is read from laoieai »♦*$<>. »it« ,» *1 ^ ^ ! 

u,e * r * f *®* f< * *» «*# vax compute?*#!* • 

may wish to modify are Indicated by a IboiI Thar# IS 1 ?!! th * U8oe 

the search eontroisi the maximum number of Iterations (shown*!! aoo? § 
and a printout suppression flag (shown ii ii !«iS M. J? «• ?00), 

Ki n J «J» terjm«!e in «!wlr thin tK Jlxiilm SJXX 
the gradient of the t itting-error function falls below the !i!!! ? 
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followinq the tolerance specification. The entrv 2 *!Ln !i7, !. „ ! 

* ?J sp pV 04 «• modei-to-date fit after apti*iMtl»n» « v«u, Sf°3 

Jill yield an additional display of th* modal fit prior to sort~ 
Higher values of tha printout supresalon flaq *111 prSorMsiSaiJ 1 t ‘°" 
override this. The rewind fla, ( .7 ) loads to the « 

sri^ijdfn-isujsori^rt’si'tssss:' “ *« md ««” 

m K ^ 4 ■ flfto art inputs unt$u* ta tha systan flttina ar aki am 

These are addressed separately In the following! * * pr °**® m * 
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Routines «riwiS£ m “ **•”•*•**•* *• “***«» 4* Mh tft* mm 

\ 4 ♦ I ' 

SCI) Logical unit a**lgnaent ! cord • ‘ 


h| UU> K «) tM —I 




jna aaafimfsgas^^ 

_ L v(I)? x=* 1 , z o . > ■ 

20X4- 


• f'HHI *52* 1 " mm * a<J f eal unit LU(I) win not b* used in srsrit 

LU(1) .at, 0 . -* xlaical unit tu(Z3 will b o used and no* boon 

|aetivattd|. • 

LUCIl .L.T., 0 — ;iog 9 lc^l u^t.liUCI) win tot ttitd bttt ^bit 

first be activated 

®C2) Cage Identification card 



CksEiuCx), 1 = 1 , 14 - 






s ^3) Search Control Card 


SSSSBBSl^^iiiiEEEiSSEEgieslKgS 


N<- Ne<* | NPF , 


mEmmmi 


tADtr \mTRMK I H$FX£X \HTHmSH I tfMPKT 



nxs 


\ Kv 1 Tf) 5 rtu '? ber decision variable* x to toe read #•*» »»•»«•« ;y 

« 1 x°U n iofdfcd C in 1 aecisso?I CMt J ««*«« tftere ore no such eards/V 
* x s ioaaea in accessory routine pscan, •* . .. j 

, HC *. Th « nmber of explicit constraints upon x. ’ 

* M ••* Th * " # ^ tr 04 «*Plieit *hu*nty upon *, ■ ■■.■rY\ 'y.ivH, 


NPF ’ 8£85JJ.** iBplieit 

. ' 1 • * .. . '' . ' t *. 

WISRl search'proeiss™ 6 *' '•UeMcl i»f th* 












SCAN i The maximum number of'casts-'to ;M generated by accessory 
routine PSCAN. 

Mba t The mode by whichsuccessive directions of j**rjn 

generated* Values of .0* iy -2 command Steepest Descent* 
pARt M# and Conjugate 1 Gradient ft at eft respectively* •. 


» f 


WRACK i The level of printout Cor tracking the search process*. 

fOFXCK t Supresse* a numerical difference cheeb upon the objective 
function gradient* 

itrmsr t Commend* the use of •special search termination lodid* 

IXNPRT t Values from 1 to l provide increasing levels of printout 
supression. 


IC4) search tolerance card 




-5f 


BPS’ 


bis. 8 


Search. is terminated »hen tne projection «* t 5S 4 < ’?i*fii«ituao e16 ^epS 
,r«<i lent onto the set of teastbie * *.«. **J« »• ln ■•«»«»«•* m 
,s. &t$o ustdt as A thftsholA for various othsr toots# 

iC5 j MOdei specifications card. 


"T^FFF 


BBBGE 

PftftPP 

EEEGE 

iSSBEi 

iBEEB 





M^LinK 


. 1 


7XS 


MPRNT 


IFOTRK 

(ODEOX 

writ's 

fOtiINK 


•wa'Af»: 


i increasing positive values command increasingly detailed 
‘ ii.ptlv SI tne mod.l tit. .fute* ttomo * *J*J*••«**»«. •* 
final results only* greater values cause initial fitting 
detailstprior to search} to. be shown also. 

I Commands diagnostic printout ftm application routine FGV.AI* 
and routines subrordinate to it. 

i Default block mode Csee' later beards}*." 

i The number ai measurement paths to be simultaneousw tit by the 
linear fystbm"medei'i" \C.; 

I A value.greater than aero lndie.at.es : -.that the JJf5 l »therwfs4 

response paths te v be linked together. .fJ^t^^ilLi^dn the ;*>'■ 

• expect^a set o.f linkage pp«rato.rs..and stack controls on tn*.- -.;-.. 

*•;. card* following* ..T'v : • •-•/ •'. -?V 

'r vliue-' greOtOt; than aero;. *# ; r e*.cdlculation : y o« ( f as jdues^^ tor 
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;h'WKrt ;i !h Boa* 'tot refloat i«« ,«V . •- 

; ;v . . Ihto tM Mt MU of (M MbplJf wS5 ** **• i Oo* 


, JC ^ 3 fitting Jpgeifjgju 






; j~-~i~—- I Aftt*wrJ^r/% s 

M0MOOG | Mod© fA# j »,jj, 

o ■ w» loadiflg ffl**#« ram * nt d4ti# 

.; P 1 bifor^ t0 L555TCP win J>« iki B » * 

V for lizsm is I, ar * load * d ***«■ &>**»«)? mS, 

1 KWIImo } ffirst m 

»«o*ent to bo loodod < ’a5J C JiJ''^2* l »««»uremtnj in the [.UNITS 
KT»XMr i »ta*urtm«nt# ktrimf ;*-« ',•■’• 

"corn , i ( not „ * ' thre “ 9 '' KM!t 1(111 - 

, «tt t „,.. rror Utti. J«S* ot «. 

MODEFI } Mode fop fibbi * * 

Mn ’ »o<el „ ln t0 

V !■ »«!„, .Odbi ph „e t0 ph<M| 

0 nd fife 

W»»P , _ _ „... . »•» , ltt( 


NOWftiP t it Z8, tt**t 

v " C °" MBd *> PM ” H.« m bctiv.; 

dC7? Raad»x eo ntref v " 


* KiRar 


, /1XjJC£>j#XiX£ 
2X5* ; i 


* T ‘ ;i 
V : if 


-iV ’ „ eter . „ •:, 

n ••«».. oDer * tia "* *»« »^% r e :i„o N :r“, v ‘ 

SM ;;; 




•• ••• this assume* that fcBuri «ef the Mhim data segment 
': • btln * processed is a gtn*m multiple of 3 ! (c,^ for •’■ 

‘A : treftsformatlon*matrix fitting}* if an unprocessed. 

**"&*;■■ ’ *column" O* $nis segment *t*aini, than a'jp.oint.ajr it '' 

# *•:,#.>••• ' Advanced to it, tUWlT* end fctfS are ftwound, and’- . 

«: , V ; *v • control reverts to the >#in' program# ■• ' .* . * 


’ J i 


,r ,W rv..v 
'tVl • 

<i v, 1 ’ ; 

■U* '. 

/ :. • <• fc'* tu 

*; i , • % J*\ *». •*. ■} it 

•V J! v*/?’$•’{! K' • 


^V. «7As for *f, but without pointer advancement or S»tfMJT8 ' 

•* v v‘ rewind# " • .- 

•■■•'' -•••'•'; • • ' •. 

, ■•.••• First column of hart I.UHITI segment is processed# using 
■'■'.* ! tho same initial value of x a» for >ri#t ream#• 

Present care it. extended for another • hi*? search 

•i,.^p.v.v; . ' iterations# 

T *■ ' w . . 

••• Command* special.Printout of model response, and 
• ' ‘ requires input of frequency ranee da$av Used to 

examine model behavior beyond the measurement ranee, 
or where measurements are poorly spaced, 

MX&Xf t Positive value indicates read of commands t6t special 

constraint*# after two card for last x array, A blank trailer 
card terminates the command sequence. 


■X'lu, 


SC®} 


fetioi 


3«aiV4« M 


SCf>} 


iialMa^aaalsia wMM siata «i a m 


LgiMi * . 


PATMXD(X), X* l,/4- 


rsBKs | m # a : 

err 


The model section being loaded consists of npaths * n$bks + musks 
■ locks#' of.which the first W60KO blocks have general values of gain* 
remaining nubkS blocks have unity gain#. 
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'* a.- i .i.-' r.\ ,-e^s«.ii’iv, 


:,!.i'ii;i 

ijiN 

,.{! 


i * 


*-»»a- 


l«\'-' : ■•'-.•• -* ™ Slesjent xax) is initialised at the final value it 

''*)' ' • . - . achieved in the case Just finished* 

! • -: 0 “<•« XO,X) is initialised at the value on the initial** 

. • card Csat bale*)* - A A .• -■ 

t“ •■;.'/ ' Is initialised and fixed at the value on the •* 

initial** 


•_ d •'* 




N>t •••* X£W) is held equri to xe»K 


i. * . ft 


ill* 


®CU) : Initial** data card 
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,[/:!; 
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" 1 > 


gCCBBBJBCEEEEBEEE 


I.,! 

Ki 


>Xeur(x)jj^i,r 


ret^.s 


■ *»? *** 


IS 


lll^ggs 




XBUf » S*ele»ent buffer for loading initial values into modal 
* parameter vector X # (see UJCKX card above). ° 1 


, \ . • - h - r \ 

; SBO f block specifying how the block associated’ 

aooli2Jtloha n th* t Jiil!J a !t Pr ! ee<,in ? it# f°r present EMTP 
<: require .0 that tM .od.I b« .u nxc?™ instill” 

«0DBX 1 tew ii l t* *B* ■**,. k» vu*' * pereMtitee the current, block/ > 
Present EMTP applications use only type 1 and .type 9 bloeksi i 

t * . k 


•S,t! * e 

^Vj^V 


:e: 

if? 


B<S) * 


** 


* 2x ( » ♦ 


2x*s ♦ L 


B<al * exp(*x^ s) 


(MODEX » 1) , 


CMODEX a 9) 


.£'*$. aci2) Igltlaw command card 

rV '£;>4'*’* * ■ ■ 1 1 11 ■ ■ ' 


MN' MlSwuT/MLttS ^ «t le.it the MD 

Utii UltlinV l< lh0 *« and win be discu$std*in a 



. Example*| i* : c- 

. ' ' ■ ' ,, ’ , ' ’ 1 " - Y *v *£•' /•* -c*-yj■•‘ y.ivy *• v. • 7. - jiv-t-4/■* .'. ( . j - •.. . y**,* ^., t ^ * . -j \ j* ' t . •» | .-. • , , , 


pmf'iljf A 


*' r P«ha»^ & 
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SCALE FREO 
SCALE FREO 
SCALE FREO 
SCALE FREO 
SCALE CAIN • 
SCALE CAIN 

change block type 

CHANGE BLOCK TYPE 
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PA5SBAN0 

DATABASE 

AXUNIT 

FACTOR 

PASSBAND 


0,«J? • 

V 

0,0 

3.18 

J.O 

* . * 


T 8.2 

*• 8 * 2.1 


■ ne s. for "HAUER SETUP* 
ipagntion model 


The propagation of,each modal wave is represented by a linear 
dynamic model that consists of a pure time delay T in series with a 
dynamic model for wave distortion. Desired frequency response for th «* 


Input u(t)~> 


TIRE DELAY Q (i)-UH-T) DISTORTION 


MODEL 


Output y(tj 


Figure l. Model structure for wave propagation, 

model la specified by tabulated date derived from LINE CONSTANTS calcu 
Jtdtlons,. This is similar to a pure time delay followed by a low-paa* 
Ejtlter with steadily accelerating rolloff (Figure,.!}, 
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Pigure 2. Topical gain and phase ' _ 

response for v/ave propagation. 

. The distortion model normally used consists of type*»i blocks in 
i*rl tt each with response 

• V; - a 


3 ^ s - 2x, s ♦ x* 

BCs 1 * "■■"T” 1 " r* ; 

« - 2x 3 s + x ¥ : ,, ‘ • 

r»d *ith x^mjc^ enforced via LOCKX. This constraint assures that the 
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! oda1 '* «•*> response will b« unity for Infinite time. Siniierty. 
w MM «rs («r ,««.! bloelcs to •..aye enet the time-SimStn “ ** 

response will rise s«oothiy free sere, 

f~ e L! h !, m ! de K* values nave been found# its tra 


function for distortion 
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is conrarttd to the partial-it raetton terms 

/N 

^e* ^ i $</ 

T(S) * - -I r tf ; . 1U..J « mmmmaUm 

^■'r* { 6 *> P ' } 

^ 3 7 


V 

. ; «?"i«i a t Mon 0 Jo«S,." <, »h« e r”Jy 6 «?J "IHmSs 

spaet model provided tor iSEMLYEN SETUP. eanonleal state- 
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7* 8, 2 » 2 Bandwidth Consideration* 

• Mode x,titting is usually done out to the arbitrary d*** «»>•j< 
fr|quency f M , where, the response is 40 5Jwn <LJ?! lJi 

«, £« eJch";i«? th#t criticai b * ftdwidth ‘ «** minted out. in Eerily 

uauai A r»^<JI ai **IJ!lf te distortion-model risetime is obtained by* the 
ysuai t*eviee of fitting « single-pole model to the , 3 dfe bandwidth 
f ~3 db p for wnich the time constantfthe time to 63% rise) is 
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eircu*t^iine ah ?h!.f r i 5 mf al . b “I llwidt "* t8r the Coulee-Ravar double- 

tJmas*fa«er‘than ,<,B * " 0<l " M " «*««« th.UMM. of 
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3db 

. f** 6 * ■ 

1,44 

3.8T 

35' 

L--- 1 

n . 

151 

aooo 

73 . 
150 ' 
1700 

000 

2440 

83000 

2000 

0600 

240000 

1*380 

3800 

110000 
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.Table 2. 


Critical bandwidth* for Coulee-Raver double circuit 
benchmark ease, frequencies in KHZ, 


step **t. ^must^Sd^sani^JneJieh^;4i ; S^«rtion v 'eifects# the time 
• on a wavefront, is a i«a**2«i I 0 *#***'***'•* • reesoneblt number of points 
greater than Siu 4 JSiJJ thet- *t. -be. ".net 

■ and preferabi y *ieverai tibes L*n’2f ^2 r interest, 
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Tfid, V, exhibit* an initial JT *••«»»«. «1» 

»■ ”5";-rsr5:rtS:v« 2*s? ?;.;««.: 
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a*y »how. mild oscillations* 
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^Stad^wna^tna line hat iy*tam*frtgutncy initial cjhditltofta# jr *h#h a 
52ry loS SraSSancr w •■?** la o.ad to appreximat. a « ; 


Th standard modal now in uto far ,% 
ttf he« C in <55 la iaro, and usa* an In 


aaacaaa that laakad# eonduc* 

*i type *1 toiae* ih far* 


B<*5 


•*• 2r,i 


- ■ j - ' • '«-'0v ara’aniiorcad••throddh .fcOCKitf The.■ reea'in* 1 

c<? haitTrt***rie2^with*tht«irtt#andafd type i with «a|«i htid 

ij a uSt".JU**?*;W *>*• •• MnY .: 


~~ Z1\K ‘ 

? ,.,, og .. noieg, end it# frequency response will approach a eonstant vi^ 
*-erJa!ingf.use of (7) "anchors* model r##Pon#e at sasro *** * «. 0. 
r-M-vino% nr •hararttristie tro» to th* response Knee riflofm 

• "numair of pole# 'and zeros on that fluency range. hjjr«vor„ And sftgjg 
not be attempted unless special circumstance#. require it. 

' ( 

7,8.2.4 Model Scaling 

■. . . •• y , 

In normal SMTP application# SYSriT will perform at least on* model®, 
scalin'? operation. The first of these l# commanded by a positive value 
for woe!(3) in the frequency response data header, set automatically i n 
OVERLAY 48, .It consists simply of dividing each measurement frequency by 
axumt. where AXUMIT is of form iO" and N is selected ao that the . 
maximum scaled frequency lies, between 1,0 and 9,989... A corresponding 
scaling of initial X is detained by the command "SCALE FREQ 
AXUNFT 1 * in Table l, u,, ‘ 

initial x for the wave propagation model is normally scaled so 
tn*t model response -roughly matches specifications at the bandpass 
frequency, which at present is defined as • To this end a stand- 

ard vftiue of X is provided, for which model response is down 6 db at 
i hr., mis value is frequency-scaled to match the data in response to 
the como-sr.d "SCALE FREQ PASSBAND", 

final X is usually saved on LU10, so that a successful fit 
net he repeated or so that a tentative fit can be continued. Thir * 
is already scaled by AXUNIT, if it is copied into the SYSFIT cc^vj,..; 

file all SCALE commands should be removed, as should be thr rt «. 7 » 
rewind flag for LU5, . In this situation a distinct card set# similar t© 
taoei i but without the LU assignments, card or the *7 flag, should be 
used for each mode, ' * 


7,9 * 2 * s Criteria For A Good Model Fit 1 ■*".] 

orintUlll*!! !?* ? ,,r 14 jPPlyiM awn In v«ry f.mui.r »itu.tlon«, '‘l 

. m 9 uu * * heuid b * and tn '«* r«m» .Rein ■; 

print^";\i2 d l:r «iS f m <, «“ ty P H«E 1 rix* P ^± e W h \ ' J 

Gain and phase error are m*^!"?** tnl* « 5 °!u LINe CONSTANTS),. . ; 

Plot; these too are in db 2nd d**!!.! 4 ? **? * H on th# F1T mQ * ; 

tion win have a gain error wit'hin a KI%.I*S! 0d ; J n t0 wave ' 

over most of the frequency rAnoe w?^*^ t nth *, 0f a « i.HI) 

near f- Wi » Phase error Ji?i iet^aniif? i valu ®« ^ Possibly occurihg 

14-poie model and in some »!J SlCf Wld i :hl ' ar * fU le# * ** * '4 

tang*. This is probabll aeceotabii h «' \l* ln arror * ln th* <>•* - t.o 
faster than the process^ 5S5SJ Study! M ° de * ar ® u#utUy wuch /• :;f 

™ t^SHlUErsETuS? 11 ^? 1 ^ io 1# commanded by « ' 

Produces an error of lest than o SJ 11 1* I iac * data e ***’ usueliV 

the 1 !^??? m odei, . Exact phase fitting b J th th * wava mod *i *ftd thi - 

TM**? dlti0ftal use of modef 2 a ill 0 *! 4 t0T wav4 m odei raquirsiA- 
l* n L lS ; chlftved by adjusting? specifications card, # 

tino u,a of M 0 t>EF 2 ^a / f2r flL*?*! not * ppl * t0 thi admit* T 

option iI i L fre 2 Uencie *' with the fit wi ii produce phase fit* | 

intrSSuJ! JoI! eWhdt eX P e «nve cd«!utati!Siff« w *^^ted heavily. This 1 
convergence problems -{Sue to 5 n thaor V ** least 

- - '* _ 0 Present lack of phase-unwrappirtg 




logic). The erudite .user who encounter* thi* situation will first fit"’*’ 
on gain alone, and then continue the fit y>ing MO0Er2 « i« An automatic 
program feature for thi* will be provided later, 

’’ • 4 ' 1 .. ‘ 

' r pr J or t0 t h * printer plots, bloc* poie/ztro locations are 

25}I!!J!?4. ou J lb botb radian frequency and true frequency. This 

printout should be examined for poles or taros far off the measurement 
frequency range, which would be an abnormal and possibly hazardous con* 
dition for the wave.model, for the admittance model it is not uncommon# 
and seems to make no difficulties provided that the poles are real or at 
least well damped. 


1 8 

K, are printed after the pole/zero locations. 


Residues Kp .and ^__ 

The high-bandwidth modes sometimes encounter a "small differencesof 

problem " tth tb * k £ ' <Pf » b ich % usually exceeds 10*’ , 
Caltyrjng data conventions to pass K, rather than K, would make this 
condition more visible). The normal remedy is to allow more search 

a ‘ low *rrorder model (say 6 poles) is-more economical, :• 
however, and is an appropriate means for approximating a mode that is 

t 2.!*! rant ? et<,lled modeling. Starting data can be obtained t> 

S« 12? * ,, NG ? K ? t0 4 in th * wave model Of Table 1, and then using the 
first half of the card sets for LQCKX and x. 


y ' Rules of Thumb 


A) The exponential scan of frequency response should start 
one decade below system frequency Ce,g,, at 5 or 6 HZ) mod 
extend upward for abo’ut 10 decades to assure that f , - 
Is located for each mode, . •. 


: 

r *K '* 


’ i 


B) if initialization or sustained performance it L is re* 
qulred, use KPS*i and’ ktc« 0 in the misc, dista card of 
"HAUER SETUP", Set M0DEF2*2 for the wave model, 

. moD£F2*o for the admittance model. Otherwise set* KPs*0, 
and MODEF2*2 for the wave model. 


i * 

i 








C) Printout from Overlay 48 provides bandwidth estimates and -V.- 
rlietinies for the wave distortion model, end this ctidfiftd v$ii • 
admittance magnitude fro* the starting frequency oaf. to 

* This may reveal that certain modes are tod #.e»t.V 
to Justify close wave modeling, or that their characteris¬ 
tic admittance is essentially fixed, (A preifteihafy run 
through' sysfit, but without optimization, .catf.de useful in 
... verifying this), ~ / 


D) 


% ’ ’. 


E) 


'■ V • ’ 

rU '.v* 


■ it- .some modes require, special treatment, such as 'reduced ; 
model order, expand the deta'.ef Tables 1 {of a replacement) 
to represent each mode individually, and remove th* *7 ' 
card, otherwise the.fity c«nb> used directly, :#o> some 
purposes the s ."default* fit obtained without optimisation ; 
Is adequate. Normally 150*300 iteration*’ are'•heeded t v o‘ ■'*& 
as.>;*;te tight .fitting", especially, if. KPS«i, •' 

After initial fitting is done, expand the ffdr-Sf control 
dat* ic represent each mode individually and dopy; in final 
. #>*from tha ;UU10 iile«.< ’Redefine searth controls 

} * .3iy,sp that a completed search ia hot needlessly^ 
eont.x*^ sater/ Continue the fitting with another run, ... 
it •needed, 


■ -fS 

*“• 4 *«io»» Bt (m.’*,!;• j f 3 " n «'*>> ««w **»* 
SE P Pffl‘lroA t ^“*^ 0 *““"> ♦» *h. u» of was t, crort . 

ow - .waaggg «&■&%£* 

.« jr w ~--.r 

■ "■’• ■*»•.. on 


Jttaaa- ’ 

aT^^rs-ssa- -«-*■ 

r53*ffS: 

wtatrol ay*tarn# can be * ***»*3Uttca pragmas* 

®l««k Alagrtttt# with J^* 1 *..* 1 * thil ’“•ual for** of 

eojatsrol system ocumIom l„ !w- ?J - , TlCs *«1 vm tha 
Integration with tfc* traoa*n<5»i ***? *ww*tt by Implicit 
4o.^ ,a ? fully ua * d for oiwluetof 2J?*\ Ie *»*• boon 

ie«r ? f HV»c oohvercor sUti^J^ **«»**«* bohovw 

^ n « ct#d I4n«#, trtu*£otlm?L??L timi * co ««l* «ul 

”-«-ST.^S2 SSSLJS** 


mjr + . 


mfr 


Gf fi) 


Qjf*l 


jg ^PPPmoy 


aaw■“£sassfis^ •&£ 

•“Mr t.j«i.“nsi^uTij.r* **** **25 *.’Sh 

Sj. J'** p *Jc PW*r« flattibJU* ***** eh * boot 

SbL2!!*f # 1 *nlotlon t,* 0 £Z ^ “** ** <•**«» * con. 

^£?4S!Trs *.!fV ««Si 

» i*a *° **» 4bwnl^fLm^f JKf*!** * 4 * i> 

"#M»l*i«hh« found nano „.* 2!!?y «* ,»Cg bKUM 

“** *•*•!• for Which '2 ^yood SVBC 

... , w ** rWMUr coocolvoO. 


***• J * *>*?“» block «u«cnn * •" 

of * control eye"**, *Wwo««ution 


lioic fifrrrrr 


a *— Qloooneo or "block* M _ 

STJpg&g %ftt 


• I *v. 


4 *«^ 4n** 


“*+a,*+ ■■■+(£ 


■Sttw£® a asaaerr.-as- 

fei-j sS^-3tr%s^w?» 

on^«£2ST*« “t* * *s m* 

OPBWrol u*tir^lr y *«* *• thm *£££* p ? «*• 

t ut of forme*■« J ***** ocoily HpucttlmJ *2*****' of the 

•r »nlt» ohno^! f!f th * ooMoo# tun ** *f*h 

«0U«t«l owtS^rtSar? or plttt *o?«2* ro^« 4t1 ^ 


n. .."T *' “ w ““ •' • •»«•«««. 

~«<.Z^ ( T"^“ *•• h « 4 

f«Wl» oo^^*pUfc»4 in 4 ®*** fc; *l‘ *« tk*tmo 

WtJ! T* f ^fbo oiin. ^ 
*5 j*J (mo Pie. ji pu *_ff o block cud tbc tuc 

?*** *« *W|>1* W^M8» '»,* ?** *l«*00t if Mifll* 
PU£lor cctcinj,. ”• 4 f r POfCoti«H*tir cran* 
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, r "• 



pig. 3, Static muI dynamic limlt*r», 

Mth the 'eiettv.' limiter, the output vela* of the 
t«re»ord«sr block 1* a Imply clipped to the Unit value 
«h«Mv«t the l*tt * would have been exceeded otherwise. 
Ib* output V lu* iif in .-block with 1 iljwnolc ttaitW 
U aUuUiad dil>Vr«ni ly, however, depending on who- 
th«r tlit U)o«k In operating Intidt or outside it* «•- 
fined Ilmira. In th* letter cttt, th* first rad hi|h*r 
order deiivntlv * <>t t»i« output *r* tot tu toto »nd tbo 
ntrueturo uf ilie aquations to changed, Whether • !*•*” 
ter t* it tic or dynamic depend* on how th* physical 
in tee actually woike. For example. • limiter if *?«*“ , 
eic If th c«wpl***-i»p«d*itco feedback loop of *n rap**~ 

, {ter is el rtrlr lly modified or by-p*»«*d whenever » 
liett 1* r ached. 

^lichr sl < , Ynniwcoiidont el and toil cel •Function MfiSh l. 

Id oddUton to tho procodin* elements, th« P*®***» 
alee eccoptt block* with «l»*br*io 

evictions, end with logical op«r*tor« (Fig._*)• M ** 

Ut *la*ouit* - •««♦» *• multipliers *ad divider* - «*» 


u t 





Fig. 


periodic 
ftiSnii My 


t* 


4. Algebraic and logic*l function*. • 
bn dir otly represented by tbjAr e*m£ 

aarssr r ; ^ s-f^ssstrs: 

Host function* of tho FORTRAN .Function JlrKf 

kitted. Such function* **F be 

th* control y*fo». Sorin* of border da- 

ceded, end will be • Xv.4 ..quenttollr *» th * otd,r * 

fitted by th* o* r. 

Th* u*«r can *l*o define logical !**?**! ^r*tor« 
tlon. f logical .ignala. IWt y l !hith K ba 
i» provided ( .{• * •***>«» * fc lilmit 0 { th* ay*- 

need in conjunction with ««F oe *?** .* tira-eentroU- 
tea (including rmlay., !*. $iSSilJlcSrae* * 

•d .Witch**) f r r*pr***ntin*tholo*iool *• 

tttttttr l *y tan. A* with ^ 2U» 

••station, th intareonnaetiw* tha*ue*r., ill 

1* totally arbitrary* *°* ** !t* # br*ic and trraraa#- 
. trees £ r function blech* co ra*tibI* with th* 
dental function block* at* Wily C0Bp 
logical *ign l blouka. 

jjj Satalal—Aop t d** 8 ** 0 # P * vic * jL 

Control ayswaa 

1 design, uth an »P eial-W***®** 


sent vetifW ft# th* T4CS pwgran wrapt* tH*. 
dnvl c«* * which frequently^ppoor in power nataebrt *tv- 
dtagl v ‘ • 

frequ enc y !*n* or » to monitor the frequency 
aiqnei*i 

r*l*y~op«r* t*d swi tch, for which the driving 
bo «ny of th* ttyotoa signal*i 

lsvsl-trteyfred switch, which provide* a level- 

4«t*ctof| 

transport delay block* Simulating trenenlsaiow* delay* 
over remote sections of • eye tea (this requ^icwese storage 
of th* input sign*! «* * function of tie*)j 

oulse transp ort delay , for imposing variate %,«* delay* on 
logic*! control signal* (this requires * counter only, 
in contrast to the storage achooe of the prr«- ceding de- 
ley block)i 

digitizer , for l*uei-**npling of analog ilgnals; 

user-defined nonltwr function* . given *» x-y ceordi- 
’n*t*s"oFeOturatioii characteristic* end ottr^sr nonliae ** 
one-to-one transformations; 

tigg-cootroUed switch , for change* in th* «y*t«s toyo- 
lo'iiy at specified instant* of tin*. 

ju.t like other block* of the cyaten. th**n» 4eyic* tm •. - 
a Imply defined by the alphanumeric n**e ° £ output 

S2.1, and the name* of the previously-** *:*»«** inpw*; 

eignel* on which tliay operate. 

A .treightforwerd procedure **«**» ***>/*’• 
define eoeciel-application device* not corx«t»i-***d in *»♦ 
through user-supplied FOMRAK ««brout*». f - 
nt-auti” cf the variable-dimensioning jtmi-cturs ef t v» 
LSesstaK th* potential *i«a *« **vy* 

•program, increasing eiolMka. and locei 

Mt require recompilation, since ray ^ _ 

. dimension can be re-defined nt eracutlon 

. SoutcM. 

the control ey*ta» *• **^^*11*5 *i*rn«3^ mource* or 
• drat input #i»n»l a *“ ch * “Sfinid on a**"*-*** 1 * **** ** 
Each »outc® - d«clar«i<X» 

* separate system component. Onca d*nlarra^e_ in ^ 

male era b* used a* i>W* tiw am , ^mfora radt 

ey*ten. Activation rad eerbitrattakar 

' after which the sources become raro. ca 
•speciflad by the user, • * . 

gecausa of their frequent use. . g gt 
type* of eourcaa at# b«:lt into *fc* p»»if«ra* 

dc signal*, including qtep and pulaa _ 

sinueoidsl aignal* with raer^dafina* *»%*■ .♦ 

quantty rad ph*a*« . *. 

• rasaraylantgi, 
«w other, frequently **V* 

abi* without having fa>t «?S effiiS^rara * **» 

the eignel- source 'unity* rad th* **ra . . 

seconds, ' 




K-rf 


# 


» 

i 


* * ,' ; 

finally, as explain^ in 

„ -li. witette*. branch curtenta and **£. *&*•■& mtarfagei^ 
input elghal* thr«u*^^* tr « 1 ,iraEfe^ 

SIS SfwS to atu^ac pow*r,n*»r^2%«iit S%*^ : 

th* DOF da# b used. direetiy aa four ^ . • 

ptogran. ^ .. i-"?A'[ :r • \ [' 







;v.i\*/«.. • ’• :• u 

- <Vr ^ '•.«*«*«. * 1 • ‘ " ! • • * • , 

■ a * MTOLtea ,‘V-r'n 

:v fetntlan ,p£ Unaar Eauet-jnna ..... " a 

v <■ St«»V x«: 

, soioai rule. In effect, the n-th order transfer rli! 

. tlon la rewritten a. . extern <rf U»f!wST dm.™ 

'«Lnsj~'jxs-fr p “ - , “ h “* «JS- 

»N ;„i SeirStoMSsStors* , 

52S5* 
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l .V-" *. : *>V* o*vl 4 




' • ■ * ■ . • .* . 

,<w * ■ ' •; ? 


j*» J. k| . k|<* signals » ummtf mix. ^ 
;- f; -{ f | f-j:*.»www or mkm mve i s . ‘ 


*\jit i «u* 


% * <c) * V<«) ♦ SUT^Mft), 


W*. 3, 


f^^nSSsn.-asi 

- HtSTjCt-At) + HtST 2 (t-At) 

+ HIST 1+i (t- A t) , 

f v * d B u<t) - • *. (2) | 


• r 

l ONCg; TRIANGULAR fUCtmgAntH : 
[ w wcwjnwE 1 srr#*. 

i ft) forhArd soturm 
M Mctt’svasrtrorm ■ . . • ■ ■ v 


Simultaneous solution of linear 
algebraic equations. 


'SuSAsjrtS:. •** - »• —» 

.• . '-ir \?4 


*> toSSLUs:*^:s’,n»r ^s^s*?* 4 

output signal® ore evaluated sequentially as ‘ So^**!* 

thitt input signals bocome available • J**** f* 

«fc* back aubfltitution (Fig. 5), °** **» 


, - ' ** - — **•¥■**. P*i5ua^8 DO coma 4 

^totaTto? 1 «r “ **• *•«-■ ** ***“*•“" <FI «- 

in th« tr#n«rnt function (sae 2 ) tioalincnrivrieisi w 6 ^i. 

• foreulae, «, g „ for a^, * **' . * wlth »««»*» configuretiona <« M rig . ^5 


mxSS to^S -V .. Wto, 


IJp.* ❖ v<t>>..>?) v . -. .: 




swrrew'; 
sfcr/o« 


—? frciioN 

L . 


fsvs/ri/ 

J5CCJWW j 


IfcrS? i 


i: A :>A 


w "*"-*** Mcmn-w 


* t *. ■ 

' '-111 Z " ro ' ,<> 5 dar Action blocks can be tranalat.rf At* 


srcr/ow 

4 , 


SY$r£H 

seam 

. 0 . 


*v. 


W wcujnw or solution 


' ' ,} . •,/ Vi '' l i *9 J || - ,’ 


iTMtuunt of nonlitiftaj* function* 

(H«L f •» noniinoatity). * 


■'.Vr ^ 

• i* , ! -»■•*' ’■ ' 


r ^i.> thick completely describe* the .*• - . ' , ‘■•'•’r .*] 

f;• S^!*^hr5^2*'2ST 1 ***•*•** *i>C *■ S*j“r;«<*««» imwm. s.■ . 

1 l! lv int tyale At. Tlie tisth t * ucc ***lv* 1 ■ „ , 

mtn*- r^ss.^iffss «£•»- 2S rsgnta^ i 


fC%‘ f ■:•.*;■ ■? ,* .... •■-■F»rsicy .at rasa 

.'^v'-i.;,.; ■!.«■ ■•:■.' V-i-jtV•: ;, -r-; ,,'.•••■' ,.•'• •.,•'>• .• . 

,!: $ j •-.•'• ■ ^':i-v. : v ^-•'./• •' - ’• 


V.k 










• tv 


ssarr. j*.=s= 2 “« 

te *r*u«« 

. A^\ssr.3=5- s=ut£iis 

th particular typo of application. Thl * pl 
to t Uncoupling of the feedback p*«’>» *«"«« fch " 
linear functions as shown in Tip,. ■• 

• in tvpicsl transient' studies, ih« "t" ° r fh * ’*"* 
t« p is dlccate-l b/ the power aeiv-.k component*, or 
Vhich the time constants of inter**, are norma ty •» eh 
•••liar than tl»« time constants -if the asso«i«te.» m 
trol yotem:;. Typical value:! for tiu.e * •'»■* *' l0 
<Si«uulard<>»i of power network transient* 1 **'*’• ' , 

«t»«t 300ns. n.la Interval i» normally v#iy small .ur 
the control aywrem Emulation, which «*«• ft 
to innerr. delay »laments of ohe time "'eh du»«tioi 
•l«to the cuntinl vyntem with lit tin or no effect 
the 

Although such delay alomann can ha inserter.. ex¬ 
plicitly by the .moit, the.program will foptically 

l«.poac a delay .'t t'ta time step when ova t .a IwH 
Wonliivw*. binn be broken.. The. program does 

this JflmMlv by evaluating the nonlinear £ ' m «ion 
Output from to,*o. values of the preceding time step. 
The' value of •■> nonlinear function Output ^ ^hus pre 

vented th.iyirti. no immediate effect on the input 
Jrlfgti*!* ol* tU* *»«'* Inaction. 


1U- ATtt^AX^Q W T° TRANSXFWTS 

I'hr t»r d«*crib«d Xn flrtt ***<> * ^ 

«• C-3S 

TTT*--'- 1 ... w «•!« ** «“ *^.5™ '*; : 

dn^mlo J« ofa’tion hetwlen electric network component* • 
Si «- the associated ,5^ 

r^ii^/^-Utionr'UnsShly, as explained below. 


p w « r_H o,wo rk Pepre sentation 


Dynamic 1 .(mi U-rs create a special type of nonlin- * 

enrity .. - ln.it is reached, the derivatives of v 

tue output arc ,.*r to zero .which changes the structure .« 
of tl.o illl'fos ont I .1 equations. This *J 4 e 

islatiou of (4j ..«d ce-triangularication of the matrix ^ 
whenever ,.,w out put hits the limit or backs off the * 
tleilt *p d«. Instead of actually changing the »*trix* 

*£* eflf.ua of lU changes can also be included into • , 

right -hand aide* with the compensation method [«, 

BM long us only « i*w dynamic limiters are 

Limit aimalta-KOusly. ■. • . J 

tc-i. t i ».l rot; ;1 it ton?. 1 

The solution of the system equations includes rhe 

—,?■*“2 . 

3SST.ri.~ J? *> 4a~u» a— <f«f 

ehe valuift* of the inputs and output of all fl--blocks 
tuxd transport delay blocks must be known at t-0. 

• • 

Aa a rule, the system ia assumed to be operating in , 
d . 8 taco fo* t<o. Although the user has the option 
*: :fec-lfyir.« hie ^wn set of initial condition*. .the 
0 UL12 3u normally calculate the necessary .dc end ac 

solutions Whenever dc or ac s^al .ources . 

frequency could b superimposed to the beeic W^e. 


•n,^ nower network is simulated with the transients 

sxix 

br m ?hirr«ri°iof t «b' C Sut data! the u,cr must first ■ 

«r ss*s s css 

diagnen. which ere than •• ed “ fypM are. . 

-witch aivi fliour<i.i d/«l a, .ne rcu.i«w > 

provided. Satie* . ni s ioe3 .snitipha* 

3Ti“2r. rHrjr^r.T.r^’ts- 

'SS.S.T..... •*’*“ . 

lineneired or ignored. 

Description of the .Interlace 

The electric network and the c ^ ol pt ^.^ 

' STtl^S? 7 vac.able, from one program 

c^/be passed to tlu, olhec pegrem (see Fig. 7). 


etfcrtitt 

i Nt fMWrt 


mwe sounces 

OfRtBtT SOUflCfSl **'.*5^, 

s*wrcw cwf#»ot 
uuye «w«6, «tcj 


ivoo^ vt«.N(5rs 
huanch cunn'ttn 
V/.i/O'S Of 

Mj.w.hm; awu", #/ t - 
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Fift. 7. PyxiAMifi ittterACCioit bt t^e«n eloetric 
* # network and control u>9tum* . 

A* external input ‘^^*TSl2S 

accept the valueofncdovoltagas. J ifi t be elec- 

•toitth statu-. otother the control *y»- 

SSTJJC^JTjra 2,^5 .’T“- 




ot currant source, as a converter vaxvs firing signal, 
or as a switch operating signal. 

At each time step of the simulation, the evaJua.ioit 
cf the control variables In TACS folic*# th* *v#>nation 
oi the electric variables In £MTP. Ihl* im¬ 
plies a «2 b lay of one time step In application of 

control signals* to the electric system. Modelling in¬ 
accuracies introduced by this delay, which J* typically 
in the order of It) to 200us, are '^anally J gib la 

in the ele«:trio system.. 

The net'vJy-'lltfte InitialUati.mi of earl; system U 
also donr Separately thiv tim*, which la probably 
acceptable for inist types of studies. If separate *®- 
lutior.* turn out to be inadequate In the tutor*, then 
Iterative s<i!t«tions would hav »2 to be developed Jim 4 the 
steady- at etc f nit la Illation of the comhjtiad systems,. 
Since m.« »io.*.)/-stAte solution of the electric network 
i& oaV-ul.ir* » ffrsj now, any variable, rrow the electric 
ae ‘ v '^ * l '* r-lcJlly available for the initial!- 

aaclo.t ot •*>< ^•r.r.trt.l system. Conversely, the user 
seeds •"»-> 'iK-i In* initial conditions for control slgt- . 
nals /mu,* suited for the initial!ration of the 

rleccfiw u^twnrV, 


’i‘ -■• V|1 ^ Converter Stati ons 

Hu. execution of the TACS and EMTP pro- 

gratwi .J ,,,« the to model any configuration of 
H%Ju cc«v.:it*i v'dves with their associated valve fir- 
Ing aud H""v:Uw, control systems. The simulation .' 
C, „ !" W i>f t,n J' n9nt9 °» both the dc and dc aide of 
t..t , ■ ?.. ! •'’.fractions among transients on both 

1: ’ 3 L '" '-‘’"’viour of the. control system under ' 
trac. ..‘n( i-.vodi* <f.Ms'can therefore be easily studied, 

Ir th*''! 'T '"'“''’‘I J,?taUed representations for part 
of tju. •»>•*, «ni use simpler models for other parts 

!f ! r, “ v ; '‘ M , H * tauae <*. the arbitrariness of the 

acu -M w 'y'V 1 ,e USB f C “ n ea8Uy delude the repre- 
It'ill: ; ; J ';y-pus, valves and of. other network pro- 
terr'ni' ^ y* rious configurations of multi* 

systems can also, be readily 
caflor' f.'i' wilh the operation ’of telpcommuni- 

catior. Unas ue-.i tor both control and monitoring pur- 1 


the cr y m ti - „ 

Pid-:: L \s 

trar.i 1 rnf ,; V Jid 

The 

of* the 

of the itv- 


* .• ,i \ 

9 y. i-*.f f *u :, v.i}£* f -, Jss*. • ' ■ v - 

*. .\ . ' ’r> 

this description of the various el ein6nt \ 

* and <r should be clear ^|-.^ .progrcnn c 

* W iu many other necuro-u; component*? ** ‘ 

■ it* following examples illuatrate « 0 ba°^1 

pvaaji^iT Mpp^leanU>n«: , ’w 

r ’ ’ 

i : ” of the transient behaviour of monitort,,. 

*<j.nj.*tnt And protection devices in power network.* ; 
to rMponee to transient conditions det rmined ' 
th<- SMTP program. oy ■ 

- Studies of thermal behaviour and temperature moni¬ 
toring in power network components during transient, 
detei mined by the EMTP program, with feedback f,” 
TACS to EMIT in rasea where the thermal behav;, 
change* the elccr.rlc rhatactetiatica (e.g., thermal " 
behaviour of semiconductor valves, of circuit break- 
er#, or of aurg*! *u re*tars) . 

• * %rZ***u,' nU) '\° r '“^^ter-fed Induction machines 

i.tb valves and mauh ) uea simulated In the EMTP 
tha control «lf>mant«» iiiaaulatcd It* jvu a r ,d 

Aualysis of tranMetn^ in rectifier«i**J ^ibpo 1 

• ‘ application* nun, u « mill drive* i Df8 ‘ 

railways* ; , r 

ltT? d0n °, r v, ' rU : u '^ , dontroiled network cwpnoenta ' 

~s„“ x?:**-- .. 

Ol|( Jrl t k^fj r< f VA1 innidm 1 - « i 

Ws in power .. lZJSST (°lLu£™l? 

wir»v%r*:r ra;,y •> 

from 2y2£ ;S»?Hrr W ta b SL* PPU T l °" ^ 

both rhe elerj-Hr •* ConiiKuratlona for 

- “•••*„{;}- zzz » - « v 


foe P - tuUL r r i,iS ' the prcfient version of the pro«aa 
^ t-t. .'tiulitt j<jn nf transients in the 
In».ttrti^ urn now u?\der wav and m- if ^ a dfic 

reported whc*n available alontt *.k results will be 
the adequaev o{ the preseS vfw ** evaluatio « of 
trolled avitchee m 5e ^ V ^ r ”f rMetttttW, « aa 


• ,«!ha.ui>ioiv.s_ 


^£Eli£-jtlpn to Excitar lpn Control 


into the SMTP Sogram lt SuJh “ h r C i./ a8 laCDr Porated 
In studies of aub-synchronoi>K -« California Edison Co. 

to represent the excitation systeM^of’es TACS W “ uaed 
Because control systems are JLv generators, 

of the XSE E sc a ndard excitItion .:^ ined A in TACS * «V 
readily represented.he. 
g-'.nerator rotor angle aoeJ owf f tftralna l voltage, 
network frequency are monitwed^f^" ° Urtent - « d 
put signals to the excitat-in« and ufi ed aa in- 

ot -he exciter voltage are fLT!^”!’ WhU * tha values 
•Wei equations in the ’ gen ««» r 


. .i.o{s:s*s:i KsT£5-f c r wun ' 

. can be interfaced wiih . ' b ^ n <»w*lnpe.l whl.h 

program to aimuJat.. i„, , trmu.na 

system component*. (i t 3rlrr ‘ Hwf 

. use aa flexibly a, while n ** Us ' 

. .ly conceived for the y l , j hvJ^'vT 
circuits, it can be u t *.i ' ‘ K HVDc ,lv* I (rJng 

plications as wall, * t4m H^ **i ; -'•rhvir «j.- 
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Hote l Reference 1 above no longer Kdits'sli 1 * separate entity* Bile material 
io now an integral part of the SMTJP User** Manual, particularly the 
present Section 8, , th# bulk of this documentation was written- 

by^urent, as part of hie contract with BPA, , 

• t 

’ * 4 1 

The present section of the RMW* User 1 a Manual contains the j 
full set of rules\asaoc‘i*ted with the definition of the TACS data cards. 
See also-Sections 1.0g2 and 1.Id for' the accompanying, apeclal-requeat 
cards. ' 


8*1 Purpose of TACS 



Q,2 Summary of TACS capabilities 

8.3 How to simulate .what 

8.4 TACS steady-state;initialization 

8.5 TACS elements, card formats’ 


-v. 


8.1 Purpose of TACS • 

x * ' i • ' * • 

* *’ % * t # . « 

TACS has baen designed for use ae a simulation tool functioning 
in ways similar to analog computers, differential analysare, ■’ ! ’ 
algebraic and logical processors combined. 

Also, TACS signals and fflttP electrical-network ** 

interfaced, forming a hybrid BHTP-TACS interactive configuration. • 

• Typical applications of TACS eras i . 

- simulation of HVDC Converter controls 

1 simulation'of synchronous machine excitation controls 

- implementation 

in the EMTP .. r<; V,ai'oeei •* «-* '' ’ 

_ repres.at.tlo. ol !«*• eb.r«t.rlMl« to" » 

th. EMIT . -,T «J »•- - . 




' r ~* 
r. "J r • 


Not all avenues of the utilisation of TACS and its interface with 
th EMTP have yet been explored, and the us r s "JJ*®?*** 
ivene a in exp rimenting with thee f etures are highly encouraged., 

* ; • • ; . . - - •: 

wUwwb. •• * 





1’• «JZ?Z!5S£ 2«n! *»«**>»*« e 

' following oleneneo! •»»»•n *«'^ootl.oilon of th. 

, - eranofor function# In »/ my snl.fi 

r: OOTfOT - GAIN . »«.< Input.) . 0(.) ; ’ 

. *" order-zero blocks | 

OUTPUT - GAIN * Su«< input#) 

** vUh^ataJ^^ ***** °* mindop), 

functions and order-r«to blocks; * «upetimposed on the transfer 

a*Lsatda^signals , pui J a J ftd sfcap Unctions, 

»» «onu„d m chn'slfrctrlcal network,*'**"* 
- supplemental algebraic and logical vsriabi.o 4 ' ' 

::&£ c and ^ 

' ..Ur, 

selector, eawpla an d track PlUli ‘ <>0m P° n ^t f 

.ur«;‘ir^s*^ri ?* w '*••*' ? ° »* 

controlling th. operation of t „ U ch, ‘“luTor"^.’" * 

^:;;;;;r; t a'r „ f J 

requested by the user fwictl °». »* tio *> for those variable# 

Both global allocation and internal distribute 

memory cells required for th. .*»!..* **T wtlon of th ’ oiwtber of 
and user-defined. (See Section 0.6 ** ° f th * tACS array!S a *« vaiiable 


® ^ gw to simulate wh*f^ 


translation 0 f*i case? {iom *t» f fhwle!a V J b **f °* d * Co P armit the 
data cards, to be as strai«ht#«J!!!!a* C4 * d *« cr iption to a series of 

this principle ehould w!!J°** lble - (An ? deviation from,* 

promptly pointed out to Program Kaintenabce.) 

"»MrL e ,^hV^« Zl'l SS.SK,** tOU "”' 1 B, ’• ,, th ' *• • 


H Wlremenr i 

1 a* 

first described ••^'blodk^diMriJ? 14 ^^ 1 * ^ b 8l “ ulat * d wst V 

diagram, shoeing the interconnections 




( with sign and direcfcidft) between ail bio*'Jr a and signal sources, - 
Recognizable bloc’ s are as detsileu eitswhsf« in this Section, , 
transfer functions, order-zero blocks, Itaitsrs, algebraic functions; ’ 

and logical operators, and a series Of at her special-purpose devices, ' 


This type of description ( blocks and sff&w# ) has been chosen 
because it is - very close to the form in which, control Systems are 
generally represented for purpose* of design #ftd ^alysis. (See Sect. 1.) 


Requirement 2 . ’ . 

Each block and signal source must then be Assigned a single output, 
which must be ''named 1 ' in a way that will unequivocally identify it 
among the other blocks of the setup. The name itself can be any 
arbitrary mnemonic code, and it is the user's prerogative to choose 
an adequate level of confusion in this naming process. These names 
will later be used ito dirtectly identify the interconnections between : • 
the blocks, A name is any sequence of l.to 6 alphanumeric characters, 
including blanks. (See Section 1. ) j 


Requirement 3 . 


The user must then assemble the data according to thh rules set 
for the different typed of blocks and devices. It is su*|g*Hrted at 
this point that the user get acquainted with the technics} Mies .of tH* 
TAGS data setup by preparing and running a few simple eAswfl at first, 
This method of self-teaching has proven to give positive results, in 
getting the user to gain flexibility in dealing with the constraints 
of th^e program, ability to see the file of time-domain simulation in 
a more realistic perspective, and familiarization with the i.ypical 
gumption-traps which could make the preparation of a case to be 
more annoying than expected for overconfident users. 


In summary! 

* 

— use block diagram representation to.describe the system 

— name all variables 

— define the data in the specified formats » 



8-3.1 Assembling' the data for a simulation run 


• In order to simulate a particular control system, the user must 
pirepare a symbolic description of the system. This setup will be, . 
ref erred to as the TACS data deck. The data deck consists of the 
following groups of cards, in the given order., (See Section 8,5) 



tjojce.t Comment cards (With a - "C" in column 1 
and In any number in the data deck. 


) 'pay be embedded anywhere ■* 
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8,3 ‘ 2 Ordering of the block a 


•.V 

/.; ■ Y’ii 

■;J. ; Vh 

•7 ’ 

’ ■ I { k 


variable of'thJTsystem fo^aparticular 0 ?!*? calc £ latQi9 th « v aiu«* of each 
. in a specific ( and P Q * tlculaf ^stant of time, iu does so . 

th * below. In mosapplications a * the^u 3 8e ^ uenca U ahown *» 

. worry about this seatu**™ *£*., ti ® na > c ^« user does not heed to 

. ; ! sequencing itsalf) ' But knnvi^* 011 ^* 0 ! 1 * Clie P rc? 8 r a«» does the proper 

cotangla soma t"rW J"*?** ?*. th * 3 'W«”=<= ™7 »• uaad to * . 

. , ; U-Ui„ and as th. 

V N>r arc aolve^aa^ne^group 8 by'trifnLf Un f tl °! 14 and order-zero blocks) 

thus providing a "slmatanaous" ^lutlon at f°”i ?" d back " arii substitution.' , 
in th, ao-called '■loopad““n?l 8 "°aSo^.'’* 811 8 “ Ch VarlaWaa > a '«n 

77 v4XZTlzZt‘ «ri„“ d d d r lc iba at ' ts*** in «■»*—i 

v. ««• aolvad aaquentlaHy wltMn aLi : V “ lablaa »* aa =h group 

■ J-F .data cards were, read in. * Ch 8 ° Up ’ in cfie order in which the '. 







m~& Uall&i 


. i. Sources \ eeqaeatfeHy. « tisrf in. ■. !"' 

Z. Supp.l. "input" variabieu/dcvlc**, sequent tally as read in. 

3. Delay s-bioek function# end pure ituegcgtefe. 

4. Z-blocfe# with Unite* -'fikttb it#input to tuppi, "ia*i<fc* v**,/4ew, 

5. S-blocks " *r *t f* • »» » « « 

6. 55-blocks without limits, w 0 0 tr i» « l »> 

7. S-blockp ,r 11 o-t» » u «’ .. m . .. « . 

Bi Suppl. "inside 1 * Oof,/doV. * sequentially a* rood in, 

9. JS-hlocks with liaito* ofehat than 4, 

10. S-blocks ” '* ■» w $, .y ' '/■' 

JJ* 7<~klUck« without Umi te t other than 6. J j ■, 

12. S-Uoefes " « « " ?*, with wore than % input*. :’• 

if* , ■?■'/■ f ,r ° M » with only 2 input*,•• 

j*' • f f ' M " w t oith only i input, j 

15. Suppl# output var. /dev, * sequentially as rend in, • 



When the block diagram is converted to data cards. It rati be!seen 
r°m the above, list that the user will try to miniwire the number of . j. .; 

ippxenmmtal "inside**, variables/devices, by defining them d» either „ ; • l *.,/; 1 

input ones or "output**- Ones as much as possible, the tanabn for this 
>no.ern ia to preserve as much as possible the **sirau.ltana 11 y-* of the 
lution. Whenever an ’’inside’* supplemental var./dev. Is part of ‘ t • 

loop", the simultaneity is broken (try it by hand talcuf ttions!.,J 
d t/he solution automatically Inserts a delay of one time-step at some . .’ < 

int within this loop, (Note ? if the user is interested in ktunring ■ " 

tli certainty where this delay will appear# it is suggested that ha . 

aert a delays lock himself, thus decoupling the non-linearity 

an explicit ray,) ($«e ’‘solution Method, Nonlinear funcfiona^i p. 276 ) . 


Tlie above list may also be useful in determining whether a i * 1 . : > 

imed limit is actually evaluated before the limit la applied '■• • *'/ :Vi£:'-'A 

\b should be ), dr after ( in whleh case a .delay of one time-step 
'sets the application of the limit to the block output)# • .■' - ' 7 ' /' 

Finally, one advlc* about the order in which the a-biocks and ''-'sY'-V.. 
s—blooks are specified' fee given by • the sequencing of the -data ' 1 -'ii'/"?-:Y"-7 ,I (.7. 
d«) ♦ Zt the user defines those blocks in the direction opposite 7, 5 

chm flow of the signal* •(backward#)# a minimum number of ‘V*v£V- 

iclonal term will b«: created by the triengulariaatloa process, . J V,' 

consequently the'beer .can- save on Storage requirements, ' '?:'■. ’ * 

user should i®epr» this advice for small cases'# when storage sphee .. ••: ,. 

>£ no concern, fht-eom larger caaee, this simple trick wight ' m ;, ;r'^'r.vv.’.'v 1 . 
re iwefui in prewePtiiii the wnneceseavy te^dlaietieioiiing of'the ,. 

.n» by the User, ’ ’ . 
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value# , 1 rJi?oT"' ./. 

jl for. rn .52-Sc’iMtu^at"!.*"* “ Mr “"f* *M ? v : 

■>* (0'^°^!^,?“ define “W nonaero initial 

Uttieoa these entries are other than nr*u4 a t fc ^ e supplemental devices, 


tH# *•*#•***•» *«* ^ftcmldtion of initial • // 
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•i^Uv 


<tio» of initial • 

■ , * n<l of ***»» , » , *59 ** 4 , 64 , n tS l t ? Uo *' : • 
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■■ smj . ^ ' ' ' ' 1 ' ,J ' !V ' :> ' 


to^KTS! for S, 

steady-state otitpot valuas^unlel^tS^ w f A1 not: Mletiia^jflf ! ^y. 4 

•* -«»»««« ^S.T«“ l sV !t L‘:.: r t* ^r 1 * -♦« 

• indicated by a value of i?**STAIrt i < o') ctive in etSAiipetdta 
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1 foliate 3 . C'/;7»' ■']'■> ‘ - v i\ 

f . '*.■'! ‘ ' • ‘ • . ■ 

I Whether TAGS dp©a or does dot calculate it* tmi U *t*4dy«etate solution, 

| the program will always take care oi Initial Uinf th* dt and ac history^ 
terms of the transfer functions and the ti airport delay*. Remember that,, 
in either ease, the output v*U>e* of alt Integrators and dll delay a- 
blocks (see Point 3.) ffrtist tie supplied by the «***♦ *&•*• i§ w / : : 

alternative, ..I • , , . > .• 


&r&i$ 


Point 6 ♦ : /’ • .V - 5 ' • ,, • 1 

• • “ ' . . ■ ’ ' • ' ' ’ ' y; 

When TACS calculates an ac steady-state solution at the basib 
frequency (the frequency of the first-read type-2 TACS source), then 

a) . TACS takes care of computing the output values of all order-zero 

blocks and all a-blocfes without exception? , ' ' ' 

b) the ac contribution of all other blocks are totally ignored ;j- 

■ (the ac component of their output is assumed to be zero ), 

except for the type-2 and type-90 signal sources defined as r. 

' active in steady-state at the basic frequency (T-BTART < 0) * '■ 


, I J.'»!, j I I - , 

•'.u .. 


ten rules 


. ‘-t \ 


1) Make sure that all nonzero inputs ,to and output ofitlhb i•HjJj®*}. 

and device. tjrp.“5?V 58, 59, 62, 64 mi 65 ^e doUccf tor .... 
time t * 0.0 (either by the user or by the profit am) 9 \ 

2) For program-calculated steady-state solutions, make sdte |hati u , 

integrator outputs, delay s-biock outputs and named limits I ? y.- 

all defined for.-time fc * 0 * ; ; !>h ! 


fables 


' . ■ * - - M .•*!}•• M ’% •* .^ .*•? — 1 

• ' •• M ,:u 
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Conaequence 1 . i . •. . . : 
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fkrs variable (Which are not yet calculated for time t * v ) , •■••.-‘■■■v 1 '. 
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,f sources type 90, *1, 92* 93 are defie d apd accessible at time t - Om 

)inC e they have already been calculated by-the. EMTP, •; . 1 . ^ 7 :; 
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- The respective EHTP and TACS steady-state, initializations cannot . './if: "7 . 

.^bought of as an interactive process,, but as a sequential‘Opq.ration.^ 77 . 77 .,: * 
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Th*> output value' of au order~«e £0 block it always calculated 
without considering any existing limit, and theft, if the output value 
~ s rneea to have exceeded either the lower or the higher limit values, 
tire* output value ie readjusted according to the value of Hits limit or 
aat-nratlon level. .... ' 

Dynamic li miter 
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the output value of an a-felock is calculated differently depending 
>n whether the element ie operating inside or outside its defined limits, 
En che t latter case, the derivatives of the output are automatically aet to 
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etiiiback. loop of an amplifier is electrically modified or by-passed when « 
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Limits are defined on the card describing the element oft which tfihy 
npply* See Sections 8.5,1 and 8.5.2 » 
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The user may define any combination of two types of limitsi fixed and 
variable. (See table below) the fixed limits are defined as the 
* FIXED-LO" parameter and the "FIXED-HX 1 ' parameter of columns 57-62 and , 
& 3-68 respectively on the block card. The variable limits are defined 
"by using the alphanumeric A® names of other blocks or elements of th e 
system, whose output will be, the required calculated limit. 

These H NAMED-LO rt and n RAM®3-HI" identifications are punched respectively 
in the fields 69-74 end 75-80 of the block-nerd, ■ . 
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In which cast the NAME euefc V* * ft### elteady defined In • 

the electrical network. The nutput value 1# not calculated by 
TAGS itself, but is simply made equal t* the value of the.voltage 
(with respect to TRPJA ), as mefteutad jkt the node which bears the 
same 'name in the electrical network. 
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Output a EMTP switch current 
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In which case the NAME must he * node name to which a switch (of any 
type) is connected in the electrical network. The output' , % . 
value of the source wilt then be set equal to the current flowing . 
from the LEFT-node t to the RIGHT-node, as defined on the EMTP 
switch card. In cases. Where more than one switch are attached to. 
the said node, reference is assumed to be to the first of these 
switches, in'the order of the data cards. i. 
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internal variables of special MTP components. for example, Buie 3 of 
Class 6 S.M. data cards (see Section 1.62 ) shows how rotor ang l s 
and angular velocities can be passed to TAGS, This is for a. dy nam ic 

synchronous machine (S.M.) source component, as used in subsynchronous • , ; 
l resonance (SSR) studies. Such variables are then accessed (picked up ' 
and used) within TAOS by means of the Type-92 TACS source component. 
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switch is closed 


The name of this TACS source must be a node name to which a ,• 

switch (of any type) Is connected in the electrical networks 
In cases where more than .one switch are attached to the said bode, 
reference is assumed, to be to the first of.these switches, in 
the order of the data cards. . .; >■ 
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These elements »t* called "supplMental" because they differ from 
the linear s-blocks and z-blot:^« in th* following vay! 

- they are not parr. <>f; the-solut ion matt lx of the set of linear 
equation's* in TAOS i > - 


” they are calculated sa^uam'tally, instead of simultaneously for the 
other a- and s-blor.ks (so that the data cards must be ordered 
accordingly) . ’ . 

• t f . J 

Supp'i '.‘tt'nntal varlabl.cn may be part of throe different groups of 
oleinealo, ao follows: ‘ . 



Te, »• the solution simultaneous for the-; largest jweoible number 

c f ucks and zero-order blocks, the*:pear,, should keep the i 

**■ '* ‘ ’inside* supplemental elewents <®s low an possible, and 

r ~- * di-ace the supplemental elements into the ‘input* dr the 
'output* group, if applicable. (See Section 8*3.2) .. 
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All the inputs to these "input" supplemental elements must be 
either TAGS signal sources or the output of other supplemental "input" 

elements. * ... 
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The "output 1 ' group t 
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The output of these supplemental "output" elements* must not'be' 
as input to any other block except other supplemental "output" 
elements. (Although they may ft ftp used as interfaced variables to the EMTP.) 


The "inside" group : type 
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These are the leftover from the two previous groups. They must be 
used when, for example, the inputs and output are connected to elements 
of the system other than those allowed for the two previous groups* 

(See Section 8.3.2 for details of the calculation.) • * 
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hf the arbitrary ftttttM atpfvaslon described 

in this section, However* although the older type i* not 
documented in thin wear** Manuel anymore* it can still be 
accepted by the program for kits convenience of those uaere 
wishing to continue running older versions of their data esses. 
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RULES 

1, This variable is identified by the alphanumeric name of tie output. 

(Columns 3-6 ) * 

♦ ] 

2, The FORTRAN expression can be continued on as many cords is necessary 
Columns ! * 80 are available on such continuation cards. 

. #»e the continuation character ♦$* to Indicate that the next card 
is a 'continuation of the present card. To change the continuation 
- character,, see *CHCONT* in Section 1,0g6 . The default charact r 
for the FORTRAN expression is 
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I , 
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The character "a* must appear In column 
of the expression. 


11 of the first card 
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All the rules for constructing standard FORTRAN expreoslons apply, 

algebraic operators *+»->*»/* ** 

logical operators:: .OR, , .AND. , .NOT, 

relational operators:: ,B<|. , ,NS. , ,1»T, , ,LE, , ,GE. , .OT. 

function,« 7 SIN # COS , TAN , COTAN 1 with argument 

Sim * COSH , TANK j in radians 

AS&f f ACOS , ATAN {answer in radians) 

$tp , 1*0.0 f 100)0 , SQRT * AOS > 

TRWC (the integer part of ,,,) 

MINUS (sign inversion) 
tNVRiS ( 1,0 / arg ) 

RAD (conyereion from degrees to radians^ 
©f!0 (conversion • from radians to degrees) 

6I0N ( * *1 if ^atg<;0. f V * f* syg’^O ) 
l * 0 if «trg>0 ,<■ * 4t if arg^O ) 


*. 4 . 


t . _ e .*■ , • ‘ ".V ^* 

*-2' • : -\- 
, r': ' ‘ •Kit* . * . v . • . . 

: '></, ? : ;V - 1 V-; •> 

• •„ v,*. ■ .... 


'. : v t v... .C • |Rt( sodulo-6( ayg ) ) (’see b.elof^'.';^ 


1 , - -:-. 1 v‘. * ^ ‘\ : •] • *, *V-; - ^ ' v . . x ?, 


•t v i.' : ' 
’Mf: 







9<tf 

,.!;,• 'v.'.£.y.,y is.V ' : • ** .fi;•* •,;•,* l : > •' , : ■•:>••. 


Hf. 

v* r 




fj$0 nesting ? 
V V7 «k*gtt*snts 


i 20 Jewel* 


: ■*' ti: 

t •?*. . 


-V ! 7 ? 8 f 

; :A< V: !j 

•/.' - L • n ; .. . 

' *. •# % •. ;• ' J ! 

• 'Vr*'' ! J * 

u T.': ^ , * 


• <; ». 
:' • 


Jt ■, 
; l 

5. 


, i-r,. 

1 **ri : , 


•. • \ - * t • • 
•5 •*>' ( . 

.Of ? 


* any of the TACS nlphshttiift# names of : ;7‘. 

" i tteer-defified and p*«i*eht variables 1 >’•. ";., 

any nUmaribaJ argument (wither integer or real) 

jtli function# accept only <?nA erguiani, a* in S$?T( arg 5 . 7 

Valid arguments are either a TAGS # numerical constant, or ;1. 

another function, as in £$?¥< AM( I»VR£( X ) ) ) * -,\i . 

• The character** + *, »««j *#*, */♦* *>•*_, •(* and blank . v^’ . 

are separator characters, And cannot be part of a TACS alpha- . : . 
numeric that is going to be used in a FORTRAN expression.; 

©x,{ *VAfH • and ». VARP will both be interpreted as *VARl * 

•VAR-*t * will be interpreted as *VAF * r t.O , ; 

•VAR A » will be interpreted .as ‘VAR •- followed 

by *A * (here meaningless) 

M*O^E6‘ will be interpreted as t,0 followed j 

by * E6 * (here meaningless) , ! 

If- 

Note! Pots (’.’) may be embedded within a name. '\y 

Any TACS alphanumeric variable can be associated with either 
algebraic or logical operators, regardless of whether ft is itself 
of algobrai-c or logical contents (rto such distinction in TACS) * 

Thus, if a logical expression is used in an algebraic context, its 
value will be considered as either *0.0 or *T«Q (for respectively 
•0‘ fand M • )• . • \ 

Similai'ly, If an algebraic expression is used in a logical context, 

Its value will be considered as either *Q‘ or M* (for . 


'<:>l ; 

;/• !•' . - • 
• *“ *'» - 


-hX* 


i! 


t* 

o 


rospoctively 6 0.0 and >0.0 ). 
EXAMPLES t 


gcnCBBCBEEEEBEEEEEDESa^FC! 


ji, 




EliiiiilEEECfEonEBGiEr 


(NNGL£, !.. J t nuV)|..L 

acx^.R.,. -;ft W..( f. . 

♦. e. / pi . 

1 ffo.i!. ii. iM.l .!.!. l.'jJ 

.MO r. k+%\ vk.,i !.*•». (xwrti 

i- iV I ! 1 III M ' 


7 r\p ty . 

8>A.'P3i { • . , 

• j FvKdi ; 


* T « 

5 ■* ' 

?. 


i . • r. : M i 


About SEQ6 s 


arg 



^^;:.g; t SEq6(arg): v . ! 

!v •-••, ( iK* '. oo-VVa*^ v U : a-r,;*.'••^ ‘{-'-is, 










B) The "Devicea" 

j ’■>»» mm I ■* ■ »» I I»» n i 

♦ 

Y Eownat t 


?L i.,, 



j* "SB 


1 b 

"■'KL' 

1 f *\ 


Li& 





v;l 


* ’ i »• ; ■ '^r j 

\.K 




• . n 

..fjflB 

5 S.;w;t{:::«*k **.k 

. *t 1 —y-n "1 1 1 " —'. 1 1—11 ij». ■ 1 ,r„ 


•.&i. 


*. . : 1 ? 


i . 


,\ Rulgta ? /• * \ • 1 

. 0* TYPE » [ 99 L fiil orfiil. See 8,5.3 above, 


• f 

; I '1 


1. This device la Identified by the alphanumeric name Of its output, 
(Columns 3-8 ) 

2« The total Input to the device is the sue of any of all sirHart • 

input signals (except for devices type 60 , 61 aid 63 {L : 

each input signal is interpreted individually) . The sign 1 
character ( + or - ) must be punched for all non-blank inputs 5 * 


3, Hie different devices ares 


50 
. 51 

52 

53 

54 

55 s 

56 i 

57 : 

V 58 : 

59 : 

60 j 

61 j 

62 s 

63 : 

1 64 t 

65 i 


frequency-sensor 

relay-operated switch 

level-triggered switch , 

transport delay 

pulse transport delay 

digitizer . 

point-by-point user-defined non-linearity 

multi-operation time-sequenced switch 

controlled integrator 

simple derivative 

Input-IF component 

signal selector 

sample and track 

instantaneous ain/aax , » 

ain/max tracking 

accumulator and counter ' 


;■. M .. 

•" '•* \\ , • ■ i 


I?* 


*• ‘!i ■ . 


v;.\ : 








7ar 


£<)<? 


:ode * 


<3> 


f . / m r 

\ ■ +« r . V *■» ' W"M« 

*;/ 1 ■ an r: 

. OUTPUT » measured frequency of th* Input 


j ignored 


The time between successive sero-ctossinge of the input signal 
Is measured and converted to a frequency value in Herts. The device 
wi.ll automatically reject higher-frequency, non-characteristic oscillations 
appealing cm the main 'signal'. Alternately, the user stay choose to 
process the input signal through ri low-pass filter { 1 / (1,+ T*s) , * 
in cases where the input noise cdusea difficulties in measuring the 
main signal frequency. i., - , 

\ f \ ' . f \ A \ *, • . 




A a for the algorithm used, let 
be the time of the most-recent *ero 
creasing, and Tg time of the one 
preceding that. Then the current frequency 
es-timato f is given bys 


T 4 * 

1 2 

r 

Of course one rarely knows the times of 
zero crossing exactly} linear interpolation. 
( eee alcetch) is weed to estimate these. 


% 


estimate^ 

T, 




error L_*. 

ei tima t 

of y<**» 
t»*w t- T < 



Example ? 


IcaCCggiiigEEE 


. i\.:. A. .r^ft'TTT-T r 1 - > ‘ 1 

This card would 60 Ks . 

H° .ill not Chang. -U*. %£££% b e 
'crossings of the signal have boon iata.ct 4, so that an i 
measured. .. • ■ ■ 










0 


t \ V, 

•: Ml 

; »i<! * , 


:,.|j 

ivi.f 

, ‘ 1 M\.,c 

'fi 
1 v'Kj 

J 
• !:•?. 

r A''! ; i • 

;p' 

Vri'f 
iV 

■fi ■ 






-J;;: 

ii i 1 ' ] -■ 


i; 

- ifell 

"VI; 




!)■: 


sr-; ?h.' : 

b* si t 


Di 
! ^ 

I i-'ii 


m 


HI 

V * i! I' , 

* 


3oo 




Vi CODE » Ol7 s Relay-opsrat<rd switch 

itM, W 







U....O* V**ue Of the GAIN (def.*1.0) 

~ |~—e^TPU? , □□ i Value of FIXED TRESHOLD 

CD *|0 1 normally-open •• \S 
(1 ! normally-closed • 

CD i NAKED TRESHOLD (optional) - V ' 

CO J driving signal 


Wfcf'te.ti 

4- 

**'*«.!> 






if switch is closed, OUTFIT a GAIN * eum(inputs) 
if switch is. open i OUTPUT * i 0.0 • .V' 

. ■ y . 

yhe switch will operate from its “normal**, state whom ■ 

,- r normally-open, when (DRIVING SIGNAl) » NAMED + FI-XED TRESKOLDS *•' 
[if normally^closed, when w , \ «. < u j. ; l J ’ 

\ ' ' ' • ■ ■ • • • . f 


it 


No to: D 


an d j £ 


(See examples below.) 


of any other TACS 

i . : 

variable 

'iii 

v ‘ "L .%\ 

j , ' . • ‘ ‘ V'. 

‘ iV'i 


• * * * . £ 

;, • -■» \ ' "• vs. : v. 

* f * * • • r 

' >. ] 

• •' ’ ■ •;•• ; 1' -Pt • 



: % , 


‘ ' 1 

V‘.\l 

• • it- 

'• ; ' 



CODE » \52y : level-triggered switch 


---a,** cAovtxy »£uuc way as vne re.Lay * 

The only difference in the operation of the level-trigger, as opposed 
to the relay, is that the actual value of the driving signal is taken 
(Instead of the absolute value), and is Compared to a treshold which • 
here can. be. either positive or negative. ' ; • • 


Examples : 


, J* Rfcu?K. SA.liteurjp., 


tSSSiTU 

StOViftCi 


: :L*=Bfcfi6 

te f 1 1 \ m . 






t-rii 


| • i » , Qt, C 

* * 7 • *T • «., 

♦ 4 . ,4 [Pi., .... ....... 

■- . 


EECEPS0EHE 


« 




».w.. 

\\./p%v*x 


TftVtj.. KWY. 


■i 

" ‘ ♦ 


■ ■'».* <*) •» •'uMrty' ■ v>As«^. \ ' \ % o.ff ■ • 

J * a ^ 1 < ’ ' 1 • '* * • f f . '. 

xuL - u,Vs*^~ 

vp --VSP'V'P 

■:;v : < V;- ‘ ,>^6%' , .urW^ ' \ \ |§ 
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com; * T53> * 


A 2L )—<—M *H 



h 


•»r 


l r 


. otftm 


FIXED + NAMED 
DELAY 


'0£3 * ***** or FIXED DELAY <«eej 

x CT?0 t »•*#« Of MAX. DELAY (sec) 
GO i MAMED DELAY (optional) 

oo .tan 


. \ * \ 


■{ 

i 


A.t any. time "t'% for a value, of total d&Xay *ti«, ,, 

. oirrm(t) * input* t>f ) 

Not e' about the variable ’NAMED D15LAY' s 

vfljvti the user wants the value of the delay to be variable (as opposed 
U ’ i: i xud'), he may define this delay as being the output of sortie 
'other LACS block at which .the delay Itself is calculated. j . 

In .Mir!) a case,, the user must also specify the nufedmum value that 
wlii 1u> reached by the total delay time, and pupeh this maximum value 
. .In 'C* 6f the device card. ' I . 

• fib v program needs to know ahead, of time how mbhy tells of memory 
in* to bn allocated to the storage of the 'past history * t>f the 1 

input .-t I final.) ’ • . i 

♦ . • . ' 

EXrHJfJP h*5* i ' 


aM8SS3S@EffiaiBi 


fc^B $±tESZgMMMMSM ' _„_ 

\ . *. .. • . 

• J...L 


.. • . !. : 

* (Qirjft'C ; r * 4 | l • i 5 i .-* : 5 I* • * 

.. ,;. * T„^f| #.»,, 11.. «• .tnimli mi* .!••»•••• |ii, i «*M» « 


'DEL-A* (t) - 'SIGNAL’ (t-t) where T - 'SL0W2’ + (LG02 ' ( 1^-0*004 J 

'DEL-B'(t) - ’XN2’(t - D.0035) . ;*j '-‘i 

tf , * * • •, * # i 

Note : When the input signal is known to be a pulse or a succession of 
pulses, the year should consider using a ’pulse transport delay’ 
instead of thif *atorage-hungry 1 device. 






V *'* ' V 
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:% ■ 
V.\, * / 

h 


- .V 


code *(%) t m ** m*$ 
V / : ' 

9 a} ■ . : 

owor 




FIXED ♦ NAMED 
DELAY 


nri t #*lu* Of i«e* T-OH (see below) 
CO, * »*lue Of FIXED DELAY (sec) 

t yalbe of 4*e« f-OFF (see below) 
I NAKED DELAY (optional) 
ignored 


GO 


CO 


fit, * 

;i.O • 

i / - 


r~~n • •• i 

•! 

Ha.4 

V 


4-**+ 





<* 4 

/ \ ,/S 
/ '•* \ 
* \ 

- .1 


’i 

• k • i 

■ . t,(J 


Note ? Constraint on the frequency of the input signal*: 

. Overall period of input > pulse width + delay * 

J niUfl l conditions T-ON and T-OFF 




? The user can make the OUTPUT respond to an input signal which 
partly or totally occurred before simulation time t>0 *. j 
T his situation can be simulated as follows* 



\ , 


specify T-ON it* |iald ♦a’ of the card ‘ 
specify T-OFF fh^Meld *C' 

where T r ON<T-OFF « 0 . ■ 

/specify T-ON only in field *A ? . 

1 note : There ia no need to specify t-OFF here* since 
V It will b* detected by thA program Itself. 

phaa reading the cards, the computer does not make the 
difference between a blank field and the value 0.0 * 

If the user does want to specify a value qf T-OH or 
T-OFF that ia exactly 0,0, ha must instead specify a 
value that Is negative and very close to 0.0 (< At)» a 
but la not exactly 0.0 . 


:4 l^ rrH-i-l-g^a^aql . .Ijil^aB^a^a ^iaaaaaa^aaiiaadBagaagtri 


; Z‘ .t.****£...*....:.;.. 

, v ixi. LA.. r .t± GujO.S 1 .. -fe L** || 

V-’ r" €* r . ’ . • • • ■ , ' i\"V j\*‘ V« . , * 

.1 1 V * I A *.• \ » * • i-. «. '-i 1,5 


h i,£ ’PDSU^fe) » 'LQG1K’< t-0.003S ) 

A?'^:, ‘ PDEUf Ct) : * ’SIGN-L’f fe-»*FAIU)L* ) f with %he input being 'ON 1 sinei 
’io'il" * 0,028 seconds prior to the beginning of the simulation. • ■ . . 
V-^;*CW Ct> - ’SOURCE* ( t-T ) where T * ’DELAY* + 0.001 ' • ’ ' ■ 


. * 'm * + “S'** 

> •:t " 9 *-* 























& 

A 


3o*t- 



CODE - 



Point-by~point non-linearity 






'i 

. A 


Specify the GAIN in field 'A 1 of the card (defaulted to 1.0) . 


Define the function y *• f(x) with aa many points aa needed to cover 
the expected range of variation (linear interpolation is performed by 
the program for values between the given points) . 

Specify one Euch point per card by punching the pair of coordinated (x,y) . 
Place the cards in order of Increasing values of 'x* . 

End with a 'terminator' card : punch '9999/ in columns 13-16 . 





t353EH35EE lii 

ty. ml srwvx 

- 11 . 

i .*•.L 

. . . . 

U , I : . 

$ ..... ^ t.. jj «.» Ml 




v * 


..i.. 


I 


4-0»o.a 


I j. 

' 1 .l: hi,;. 

* • I ' ' 

*» j'* w 

; ' 

* **m 

• Mf •* t # **.». ♦. 

. > ' ; ■v 1 
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CODE » ( 59 ) s 'Simple derivative 


*T«. 
it»t - 

iTU*- 


gmm . (5tJ& 
_&t 


OUTPUT 


( A 1 s value of the GAIN 
u * (defaulted to t.O) 

^ CO-, . ignored 

CO CD 


OUTPUT(t) 


Note : This device will be properly initialized by the program 
at t »• 0.0 , provided that all the initial conditions 
for the inputs IN) , IN 2 , etc. are available (either 
program-calculated or user-defined). See Section 8.4 . 

To assign a nonzero initial value to the OUTPUT, specify 
also a user-defined initial condition as per Section 8.5*7 


CODE * 


(to) 5 *£EH 
GNALlj^jsiGN/ 


ut-IF component 


SIGNALS-fSIGNALS ♦ CONSTANT 



OUTPUT 


t A I : numerical CONSTANT (optional) 
m : name of SIGNAL 1 
t — g — | , naiBft of 5XGNAL2 (optional) 

r~'B .1 i' C" 1 1 : ignored 


<] falNj 

• if SIGNAl>t {* 'SIGNALS + CONSTANT , OUTPUT * t IN 2 

1>J l tIK J 

No\e: For this device, the inputs are not summed up. 

. Each input is interpreted individually. 


-©Tv*«.«A 

♦ I«AO 


*. PV.UJ\ 
* pv.uti 


THftOt. 


(ptKc.i') 





. , A.-r*r> 



<r f-OTHEPI 

if FLAG! 1 * 0.0 , OUT * 2ER0 

> . PASS1 J 

«r ^ 

note: FtAOl can itself be a more complex 
loglcal/algebraio expression 
defined in a FORTRAN expression 


** f<l PLUSl] 

if FLAG*-|4*75; , ° UT2 * ' MRU2j 




l> V* 
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CODE » ( $1 ) Signal selector 


‘- XKJ 3 


*XMr 

□E 3 





SELECTOR 


OUTPUT 


IZO 

nn 

cm i 

CIO 


: output LO when SELECTOR 0.5 
; output HI when SELECTOR 6.5 
: name of 6th input (or blank) 
s name of SELECTOR variable 
: ignored 


if SELECTOR 


if SELECTOR 


1.0 10.5 

* 2.0 t 0.5 
4 3 . 010.5 

4.010.5 
= 5iO 10.5 

* 6.0 10.5 


< 0.5 
> 6.5 


-INl (default a 0 0) 


, OUTPUT * 


CO 


OUTPUT * f " B | 
OUTPUT a r'C "1 


tt ' it : 

* ; * * 

H ir 


Note: For this device, the inputs are not summed up. 
Each input is interpreted individually. * 






v ; »•*. *ii. j,.. * \.: T f m ;J\i «^v1* ». >;. • - ‘ * .«V ;• • - 

; 30sn^-;v-:/; ; fr • 

. k:'i;■ ;: 7 ;- . 
1 ’',V."• :•.' * y ,■ 

j-iGODB • (57) J Time-sequenced svitjsh V '■ S. 'X 


m 


W(i:M •■re- 

k > 1 /. ,V.V' < :•• ' ; 

vteVy. 1 ;iV •• •> \y : 

‘ ! 4.* ' • 



■’ OUT WOT; y X 

* } ~ 

■ f * f * V , 1 ^ V - • , : ’* ^ -u 


•/. ■ \ 

. i 

i 


■* -• ■ 

| 1 J * ’ *• 


t- *• ' 


. V • V ► *’/ . 

0 J * *,,*.7 ; >■ f - ,. tl> * ' 




.*!. • 7,'t —. ,; 
, . iV ' 


;y,;^,p;v 


Tliis switch is assumed to he initially open* The use* specifies the 
of operation of the switch as followst . 

■ . . myfflffflmsam 



»' > 


■; ? . '• • t 

», , ‘ f 


4- 


, L*.r to J With . •t.r.in.tor' c.r4 : P-h •*»' * «i«®* ^ \ 

y «oto -. «*. tho i-vic-.«ig-s-aje. J»sr“^X 

steady-state initialisah on* _ *eflned initial conditions nsy ; . 4 \ 

f ! ; ; vafsrffa.’sass-'-- * * • : 

! • •< -'I, v;• • I • ;• ,•*. ;. Y •'.■ . : ; ■ 


Example ! 


••; —— — • • * . • ' jv • ' .’Y'• ♦ 

V♦ WiTtX >y:. 


■‘il v-i-r'’I’j t'' 1 " 

; 'j''{.j..i. 1 . .0 

* • • • T • ** a ft i l h . 




U ! - 

1 *•*» w 

• . 

I*' 

1 / -..i; 


'.vijj/®;:;;- 

i I. I 


wf —4 T..-rrvi"-|— , ■ 1 7 *..v ' ’ • ' ‘ l ’ * ; 1 * / /’ .t r \\' / 

6w.<*vV0.'. h - 4 v- : -- : C : v c *K ; ' 

“':xv -XV- >: : - 

l V • '■■■'■ ‘\V:> ■ • *- ••>.'. :•.= :■• ; M-?* 1 .. ...V ' •• : • ■•' -. , 

/...<! , / s'-. r « v i; . • • - i# t . , . . t . ! ■. *« . , • . n--;,*. 

* i- * « •• k** • ‘“'if , ■ ■ . # x. y 1 •* • • \' ' • *.*# i '/ ’« • * ; *x' y ' * •* ' » •*,- .5 • .,, ■■hi v*’- 1 ?" 

j ’ v • .X •• - /•*’ i »- • - ... X 'XV-Vv’ nj.-'j '! •"-* x VX;.* -- r X ; " r "‘•siw^V 

^ . 


1{ 

f; 

ii 

' i! ' 

• i 


X.1 


X'f 










• " : V -['■ -y '■ 30o 

i i;S S5BZ * G2Hi£2li£i l«t v/^ 

'r^-- v’j.' .'■» f . - \ 1 *, • •> 1 . 1 - ' , . 

!•/' *V / "i?V • ” ' -V. 



. ,, 1 § 

. ‘ . f (T - • ” t . 

control 

signal 

tiM.v : 

i 

GMN 


if control signal 
if no control signal 
if control signal £ 0.0 


l Value of GAIN (def. » 
t value of D 0 (possibly 0.0) > 
< value of D| (possibly 0,0)1 
I name of the control signal 
— 1 * am0d value (or blank) 

> 0,0 } 

, i -V» OUTPUT a y-MIH 
il name! ' *>0 + 0| *s 


named reset 

1 ■ 

OUTPUT 


i 


C 

II 

D 

E 

J[ 

1 

C 

JL 

1 

c 

IF 

1 

c 

X 

2 


1 


sum(inputs) 


. Applications 


OUTPUT « value of named reset 

(or o.o if no name epecifi d) 


iM 


Vs 


VjMU 

-i. 


OUT 


:*N -J 

r K 

1 ; 


L ^ * d 

r* . ■ i 

- . 1 

•;iv. n 

•jJl . 
».o 

~±°VT3 , 


f u ZT t °o ’ £!!•’" 0,w(t “ ,**/»<*»> <*n 

1 0m *° V ° Ur<t) * *»]<*> <*ul* 5 tta also b, 

lnf * tia * condition 

., , r th » ***t time step) 

if CTRI2 > 0 y 0UT2 * —g.— , 2N 

if CTRL2 ^ 0 • 01IT2 B a a / 

• * ^ * °*° <**»» remark as abov ) 




• ^ ”—**■ 

Tv. Jie^ifr 1 V^ V S l l # SoSfct 2 f f fhiffJicu® t ? p ’* 58 dey ice has s 

• ^. exi bly by the device tyos fi«5 now served more 

v::: 

“iiL ietlnei - follow,? 7 ?*' 58 <Urlc * U *•** oparatioaalf 
, 1 t h * ks > , w°H 'OOffNTH' 

™ m co co »w"•■ 


'•A. .i* oV . V •* - 


■JCj t ignored • 


iiflljli 1 11J.vJV.M'l..“.PMimi 

: '-Vj*:..*;' ’ .* V‘-’v^V* .V ’ 'till /‘M 

— --r^ v- •:w-c / /*•.—’■ \w . 


in 


5 


M 

;/1 




B 






'‘vV ,*• 4 » fc '. * 1 

’ *, s • • 

i j*v a.'. *• • 

\? 0,t- ;••• 

V--' v ?• 

cope -ris\; 


Tv'.? !,r 


jjV/txw* . . 


t Sample and Trac' 

TkAfcvt 

• i l *'•■•;: 

.OUTPUT 


* * . t ■ ; 
-,•»? ... • 


:' l i 

j__ 

«OLV» , 

; pv.W, 

.-.% 

r~> 







** ' ’ "** .'J' •••*'* , f "* , r ; 

'v *-“ ■ ••»■!** .V-*V 


t p | . t name of TRACK signal. 

(or Hank) 


\ E I * name of SAMPLE algnal 
(or blank) 

usd m co .* **««*•* 



3K/viH':i 

r» 


. : •• /- If? 


*■:. .V 




^>ucV 


RPsCK 


OUTPUT 


:: 

I I . 




y 


2* 

^ i 

1 

i 

■ .* 

\ 

1 





oo-rpuT 


Notes In the absence of both TRACK. algnal and SAMPLE signal, '.•;.> 

. . the OttTPtiT is in HOLD node, „ * >. :. /. \>;v 

Notes The TRACK signal supercedes the SAMPLE signal, should _ 

both control signals be > 0 simultaneously* • ■ )*:■:' C*V> 

Note: The SAMPLE mode involves a two-step operation. • '• •” .••• : :: f•>' 

The order to sample a new value is Only performed on the •; 

rising front, of the SAMPLE control algnal, which must. '/ V 

then be reset to £ 0 before the nefct SAMPfJ? order la given* j 

Notes The TRACK operation becomes 'equivalent to a SAMPLE operation < 

if the TRACK control signal lasts only one time step* ' :■* --v. ; 

To assign a nonsere initial condition to the 0$TPbT| the initial - ••'•'•■■ \r/ : 

HOLD value) » specify a user-defined initial condition as per Sect* 

•• ’ • ‘ *•* •. 1 -■‘'vV.V-'.-i-'**.. 

. . • * \ . »'■ • -V. \ V. . V * J ,/:/ Sl.-V’ ■’ '''*'* -H \ * W 
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CODE * < 63 ) : Instantaneous mlniaum/Baxiaua 



OUTPUT: 


[ *• -1.0 to got nimiaua 

. 

a +1.0' to get naxltttur 
C. A . J L& J | j ignored 

CD COJ 


if I B U -1.0 , OUTPUT * oin( tIN, , tINg ilNj } 

if CO* +1.0 , OUTPUT * aax( » » « ) 


Botej For this device, the inputs are not summed up. 
Each input is interpreted Individually. 


0 


» Miniaua/aaxiBUB tracking 


K**er hocv 


[ i+ivn 

| or 


f- ”• 

(.* +i. 


0 to get minimum 


)UTPUT. 


raicV 


■ r««t pg-| I* **’* 0 to get ainlaua 

JL 1 l» +1.0 to get aaxiaua 

_— OUTPUT l__c J : numerical reset value 

' T ' CD . : name of RESET signal. < 

raiaV (or blank) 

v+1-.e. r—y i 4 

UJLJ , » name of HOLD signal 
V/' ; _ (or blank) 

l * I * ignored 

' » 

s • • $ * 

if RESET signal > 0.0 , OUTPUT » I c I • 

else if HOLD signal > 0.0 , OUTPUT(t) » 0UTPDT(t - At) 

•1« ifCO. .1.0 OUTPUT(t) • aln( 0UTPUT(t-A t),. inputCt) 
if CIO » +1.0 , OOTPUT(t) * aax( OUTPUT*t-At)., input(t) 

1 ~ . Jenm i l i i i , i mwW——. a *''**^~**mm*+mmm*m***mm*+**m***to 

Hotej ^i-.devict wlll b, properly initialised 1 by the program 

■$< . ' 

^ T ° f«*i*a * «w>n*ero initial eondii ion to th- OUTPUT fek^h ••• 

* f * h#d oondltion as per Station 8,5.7 < > ,, ■ • 


:V ‘* 

V ■ 









;5 

JXW t *. 

'i • 

. * t « 

•> : , 


.4 :- .** 


RCSCT H»VT> 


&CC 


OUTPUT 


res^V 

V<s.\uk.«. 


f 6 1 i numerical reset value 

| p 1 ' j nave of RESET signal 
(or blank) 

r E. 1 . : nave of HOED signal 

(or blank) 

< A I IB1 : ignored 


j X, ; -, .if RESET signal >0,0 ," OUTPUT * { C~1 . ' : 

j ' else if HOLD signal >0.0 , OUTPUT(t) * 0UTPUT(t-&t) 


•( 

i 


else QUTPUT(t) » 0UTFUT(t-&t) + input(t) 


Not ; This device will be properly initialised by the program 

at t * 0.0 | provided that the initial condition for the • 
OUTPUT value is supplied. 

To assign a nonzero initial condition to the OUTPUT (which 
will also be the initial accumulator contents) , specify a 
user-defined initial condition as per section 8*5,7 . 


Special application: 



provides a straightforward 
'• step counter 

with and without reset 

v* 
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8.i>.6 Printed/Plotted Output of th TAGS Variables 


The time-varying values of the signals and variables in TAGS - 
are calculated by the program at discrete intervals of-time ti 

t s* 0 | t ) ^ $tCiM 

• * • ' 

Just a3 for the electrical network, the value of each variable 
in TACS can be observed in printed or plotted form. (See Sect• 1.8a) 
Under user control are: 


a) which variables are to be printed or plotted (see specifications-below; 

b) the printing and plotting intervals IOUT and IPLOT 

(see Sections 1.Oh and 1.1b ) 

c) the printout of *the minima and maxima of the output 

variables (see Section I.Oh ; MAXOUT ) . 

d) permanent disk storage of the plot data points 

(see Section I.Oh : ICAT ) 

e) program diagnostic printout (see Section I.Oh : IPRSUP ) 

To specify which TACS variables are to be printed or plotted * . 

a) for output of all the variables 


a single card is needed, with a * 1 * in column 2 

© ' ' ' ' 

b ) for output of only some variables 

use as many cards as needed, in the following format. 



note: any of the A6 fields on any one output card may be blank. 
P ovidbd that at least one field per card is non-blank .. 


•> 

* ♦ 


resultant printout^a^ai^of *® en 30 ^wasted in the 

and the second is theuser-suMH** u , red * Tlle first'is always *'TACS M , 

pitrposes. (either batch»mode or interactivef Variab1 ^ Por Plotting 

and TACS variables are treated u u* thia saine pair of names is used*. > 

Piot variable.)« L? SS£ "T7“* «•* lanini 

electric network representing '* lth hoth TACS «*4 alec sew ■’ 

treated like node volt**., SSLvt.* “«**»»»"**«» «••»..*»« MCUbU* ST 
neae. (that of the * ‘ «**»' 












^'5.7 TAC5J%er-p e fined I nitial C ondi 


', c Steady-state initialization as calculated by the program 
ie discussed xn Section 8.4 . ; 8 

tha V ff ue at t * 0,0 of variables not covered by 

PJ ? gr ff initialization calculations can be provided by the 
in the format presehtfcd below* 

X’ypleally, the following elements will require user-defined 

Initial conditions for t a 0.0 * H aeixneo 

’he default value of unspecified initial conditions is eero . 


*• integrators . 

» delay s-blocks 


/1 - k &Vt - s \* 

\ 1 + k b+fa . s) 


- FORTRAN expressions 

- devices 50, 5*, 52 etc... 

- sources type 3 and 4 (pulse and ramp) 

- sources where T-START is not specified or is ©.<? . 


>r»sat 


.. . - •*» 


*f ‘"j M «{ c* O *1 


jj 


"Ha l 


e to 


i : l ?l ; Ih ll : l ; :| li i 


LMUUUUUL .- **.f HV 'It 1 ' I • H-H.f f-t 

.'o " ! ' !■ i‘ i ■; i •; I j- •••♦•• j-4.<.. ... ..j...i.j.. .. 

4nf it i i f I r I, r I if f{ f ■! If I tiff H rift r 4 ft 


use as many cards as required, and 

^ terminate with a blank card (whether any inlt. cond. are 
__ > def ined or not ) . 

This blank card also marks the end of 

the • TAC5 data case altogether. • 1 















r 





9. ^ ; INDEX OE EMTP RULE BOOK 


Topic of Interest to EMTP User 


TAGS DIMENSIONS’* to size TAGS tables (Sect. t*0e5) 
"Absolute u.m. dimensions?’ to size u.m. tables (Sect. i.oei3) 
accumulator and counter* Type-65 TACS device (Sect * «■*' 
Acknowledgement of contributing parties (Sect. 0.2! 
ittt-ive g3p of surge arrester, Type-93 (Sect. 1,3ft) 

Vfcp Service Corn. <t<s* «TPtM« 


tEP ' Service Corp, See "IBM’L. 

'ALTERNATE DIAGNOSTIC PRINTOUT” definition (Sect. 1.0g8) 
A.METANI SETUP” request for transfer to it (Sect. I.Og) 
AHETANI SETUP” supporting routine (Sect. .7.6) 
maiog computer simulation using TACS (Sect. 8.) . . . . ; 

AN-ALYT” subroutine for user-supplied FORTRAN (Sect. 1,9c) . 

ANALYTIC SOURCES USAGE” signals use of "AN A LIT” (Sect. t.Ogl) 
tnodc of .valve/diode switch component (Sect. 1.33) .... 

irmor of ’’CABLE CONSTANTS” (Sect. 7.7.1) .. 

ARRDAT” routine for 2n0 exponential fitting (Sect. 7.2b) *' 

.master modeling. See "Surge arrester modeling”, 
v a liability of program (Section 0.1) . .. 


P«e« 


bb-2 
tfc-3 
3tt 
iv~a 
25 a 

be—^ 
be 
231 
27b * 
39a 
3e-1 
30c 
251 
103h 

iv 


«* se voltage of statistical tabulation (Sect. 1.8b, BASEV) ... 38c- 

- sin Electric Power Cooperative. See "Honeywell”. <* 

BF'TIN NEW DATA CASE” for data case separation (Sect. 1.0a)' .b 

BEGIN PEAK VALUE SEARCH” for delayed extreme (Sect.. I.Oell) . , be 
essel functions of line constants. See "Skin effect". 

BLANK ” cards of data case (Sect, 1,-a) . .la 

-nneville Power Administration (Section 0.2) . . . ... ... . iv-a - 

/ . See "Bonneville Power Administration”. 

** -n :h. cards as EMTP data classification (Sect, l.a-3) .... 1 

-anch output variables (Sect, *,8a* Branch outputs) . . * *. , * 38a* 

* andwajn, Dr. Vladimir. See Sect. ‘1*62 mention. 33d-1 

jndling of conductors in "LINE CONSTANTS” (Sect* 7.3; IX-3V) . . 1b6 

jr*roughs computer version of EMTP (Sect. 0.5m) ...... . . * x-mrx 



:ABLE CONSTANTS" request for transfer to it (Sect* I.Og) 
;ABLE CONSTANTS” supporting routine (Sect. 7.7) . . . .. 

ipacitance modeling In the EMTP. See: 

Linear, single-phase representation (Sect. 1,21) .. . 

Linear, multi-phase CC3 (Sect. 1.23) 

For delta-connected transformer (Sect, 1.25* end) « .• 
** LINE CONSTANTS” formulas (Sect. 7.3, 11-2.2) ... 

t r .son’ s formula for "LINE CONSTANTS” (Sect. 7.3, App.) 

:A SC ADED PI” feature, :'or' phasor solutions. (Sect. 1.22) 
s e- title text of plotting (Sect. 1.YJB,- Point 1) . ■» . 

of valve/diode switch component (Sect, 1.33) ». 

f C (Control Data) version of EMTP (Sect. 0.5a) . . , 

:H ANGH' PRINTOUT FREQUENCY" of DELTAT-loop„(Sect. I.OelO) 
r "c.uit breaker modeling. See "Switches; ordinary”. . 
LAMP' 1 signal of TACS-controlled switch (Sect. 1,33)“. 
r. oSED" request , of yalve/diode card (Sect, 1.33, ]Rul.e' 5>: 
axial cable parameters. See "CABLE CONSTANTS”*... 
mr nont card, used iti data dase (Sect* 











Compensation, number of phases (Sect. O.IT, list 24, NCOMP) 
compensation technique of handling nonlinear!ties .... '* * 

-OMPLEX (FORTRAN) precision limits (Sect. 7*7- 1, Restriction^) 
Computers. See Installation dependent information'*. 

Conductor card of "LINE CONSTANTS" (Sect. 7.4, Point 3 ) 
Connectivity requirement of network solution: ' * * ‘ 

for phasor solution (Sect. 2 . 2 b, Message It) ... 
for delta-connected transformers (Sect, t.25, end) * * 

ContriDutors. See "Maintenance". 1 . 

Control system modeling. See "TACS" 

in ^®S r ator, Type-58 TACS device (Sect.* 8.5 5 ). 

ronv 1 ro i ,t , lne for flux-current curve (Sect. 7.2) 5? * * * * 

Converter model, HVDC, Type-16 source (feet. 1.61 ‘ # ‘ 

^y-Uo^puter version of EMTP (Sect. 0.5L) . 

Cu ‘‘ cnt source modeling. See "Source cards". . 

Data General (DG) version of EMTP (Sect 0 Set 

DC converter. See "Converter", "valve"! "T*CS" . 

"delta?"° time-steo lie 1 "?? ’ei.M* 8 > 

Derivative, Type-59 TACS device (Siet^S Miscellaneous data". 

‘ • • •’ •• ; 

TACS dMio| 1 (Ieot n e® 5 e 5 ) ent 

Dioae switch component (Sect 1 im * t * 

Dl."?r\^t%^\ f od^„ r |? P l e S f‘^ t n V»'-f^ (Section*o!l) * | ! V 
Dollar-cards (’t-card™ ^"STATISTICS". 

Se S e Pe ^e a i s l f ^t%rT ratl0n3 (8 ‘ et * 

T-ansposed model S with zero ** 6 represen ^ a ^ion. See: 

^^a^rw^pras-. .•: , 

*• ; ,U „.^ : 


xiii- 2 V 
17a 4 


47o ■ 

12J , 

274 
306 
101 
3Ha : 
x-L 


307 

298 

4e-7 

303 

30c W 
iv ' 


? ba« h o W L r r e v S i° e f s ‘ r --^|lon llhea. See " Ground 
Education of prig^am users °°»>PUter version" 

ompcrical specification 6 ©? PH?S S?otio, > 0-> . . . , 

Equivalent-Pi of "ltmf rnLI^ P sources (Sect, f om. 

Error aessaspc I r CONSTANTS" by doubling 

g^ti 1 Ik M “ • p ". 6 . ) 

• Rule 1 ' • * • 

'■ ::: : : 

Fatal* error m .,»Z “ H? " U ^ ^ ‘ 

m-ssages. See "Ermr* 

trror messagas", . * . ' 


15b 

6 c ~1 

274 

289 


iv 

39 

186 

.50 

34h 

.16 o— 1 
5 


4g 

4e 

4c-2 










>r"' 


333 


FGH of Mannheim, West Germany. See "Siemens computer version . 
"FINISH" card for S.M. TACS connections (Sect. 1.62a, Class o) 
Fixed-dimension limits temporarily in program: 

. Multi-phase . ZnO surge arresters .. 

(:■ • Dynamic synchronous machine (S.M.) sources * • * * • • • 

"CABLE CONSTANTS” routine (Sect. 7.7.1, Restriction 1) . . . 1 

Flashover (or* spark) gap. See: 

Flashover switch (Sect. 1.40, Glass 2) *♦ * .• ♦ * • 1 

Type-99 pseudo-nonlinear resistance (Sect. 1*2") * • • * 

1 Sect. 1.35 onward for use with compensation-based elements 
Format specifications for data? general (Sect. 0.7) * * * * 

Free-format of TACS supplemental variables (Sect, 8.5,5HU 
"FREE FORMAT” request to redefine characters (Sect. l.Ogb? . 
Free-format usage, general. See "Format specifications * 
Frequency card of ”LINE CONSTANTS” (Sect. 7.4, Point 4) . . 

Frequency-dependent parameter representation. 8®®* — 

Recursive convolution, "SEMLYEN SETUP", VHAUER SETUP , 

”WEIGHT" or weighting functions, "AMETANI SETUP 
Frequency meter, Type-50 TACS device (Section 8*5.5) 

"FREQUENCY SCAN", to loop over phaaor solutions (Sect, i.ugil 
Function block of TACS (Sect. 8.5*1) . 


34h-2 


Gain of TACS transfer function block (Sect, 8*5.1) ;• 

Gap, as TACS-controlled EM TP switch type (Sect. 1.4) 
Graphical output* See T, Plottiftg of EWTP results# 

<?-Wr 0 tt firing signal of valve (Sect. 1.4?) * * * • • 

(local) of electric network,, blank name (Sect. 1. 
Ground wires of "LINE CONSTANTS" (Sect. 7.4, bond. Card, 
Ground modeling. See "Carson”, "Nakagawa". 

Harris computer version of EMTP (Sect. 0»5g) • • • • * 
"HAUER SETUP" routine for transfer to it (Sect. I.Og) 
HAUER SETUP" supporting routine (Sect. 7.8) • • *. * .• 

" ur.IGHT" adjustment for plot (Sect. 1.10B, Point o<) . 

Hewlett-Packard version of EMTP (Sect. 0*.$i) ♦ - * .» * * 

Holding current of valve/diode \Secfc. 1.43 tl IHOLD) «, 
Honeywell version of EMTP (Sect. 0»5d) ..*.- • » ♦ » * • •" 

HVDC. See "Converter", "Valve", "TA'CS" .• ,4 • 

Hysteresis modeling, magnetic. See 

Branch cards for Type~96 reactor (Sect. 1.31} * • 

- »*HYSDAT" rpyfcine to generate characteristic (Sect. 7 * 


« • * e • • 

l.-b) . 

d, IPHASE) 


7.2 a) 


IBM-version of BAfB * * * • : .• * * * * % ♦'* 

IF-componsnt, Typgr.4,0 fk§§ ?*5*5> * *• *' * * * 

Ignition voltage, of V .3-1 ye f *}** Z * •* % % " 1 % 

Illustration of usage, Wff •' •^i'V* 

Induction machine modeling y?jLng #,•#.* 

initial condition specification $9? '-JSl*. •' e‘'»V 

Cards to, over-ride eVep-.trXc p.ekypx-jf 
Cards to. specify'(no over-“iide) TAGS 
Input supplemental variables* (iype 99/ , vv 

Inside supplemental, variables (Type 

Input/output unit numbers of EMTP (Sec^. * +:■,* +. 

installation-dependent information BJQ > v ... ,f ^ «':>» •** *♦ 

General, for all computer system's’d^ln^^FeAt ^ v 
. Specific computer systems ; <Sectv= i j3\S^lt^" DV5g,) .• > -*• 

Instantaneous min/max , Type-63 TAC s S Jdv'idd- .(Sect, 

5n2»»tator layers of" CABLE' GGNSTAMTSfA^^^.t.,-^7 *3‘'$ 


17h v... 

36c 

•25V^: 


Jtvlii 
296 
‘ 4e-6 


299 

4c-2 

286 


30b 

• la- 
116 


x-g , 
4e : 
271 . 

41 

x-iy 

3®b. 

x i i- a 


16L 

103 b 

\ v . 

,307 • 
30<i 


' 295 r r 
Vi ltr* J 

Viii'-'i' 
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1 * -0+-m 

Interactive CRT plotting of EMTP remits (Sect, 
Interpretation of input data cards (Sect. 2.1) 
Introductory Information (Section 0.) i . , 


5.0A) 


Japanese EMTP Committee (Sect, 0.5p) . , . . 

Japanese computer versions of EMTP (Sect. 0.5p) 


Karrenbauer transformation for transposition (Sect. 4,1) , ;. 

KILL code number of error stops. See "Error messages". . 

LABORELEC of Rhode-St-Genese, Belgium. See "SEL version”, 
Lawrence Livermore Laboratory. See "Cray-1 version”. 

Leakage inductance from self and mutual, for U.M, (Sect. 1*63) 
LeveX-^triggered switch, Type-51 TACS device (Sect. 8.5.5) 
Library functions, FORTRAN-like, of TACS (Sect. 8.5.5) t 

Light house keeper. See "Dube”, "TACS”. 

Lightning arrester modeling. See "Surge arrester”. 

"LIMASS" limit on S.M. shaft masses (Sect. 1.62a,.Class' 5) 
"LIMIT ON PLOT OSCILLATIONS" for averaging (Sect. 1.0c, NSMTH) 
Limiters for control variables of TACS (Sect, 8.5.3) , . . 

• "LINE CONSTANTS" request for transfer to it (Sect. I.Qg) . . , 

"LINE CONSTANTS" supporting routine (Sect. 7*4). . , , 

List sizes. See "Variable dimensioning". ■ : 

Logical (Boolean) operators of TACS (Sect. 8.5.5-A) 

; *7 ; • . , _ 

Machinery modeling. See "Rotating machinery". 

Madison. See "University of Wisconsin”. 

Magnetizing current or impedance of transformer. See 

Saturable "TRANSFORMER" component (Sect. 1,25, Rule 2) * 

Linear "XFORMER" specification (Sect. 7.1) . . • , 

Linear' "TRELEG" specification (Seat. 7.1a) 

Maintenance of program (Section 0.2) ..... . 

Matrix inversion/reduction formulas. See "Shipley". 

Memoranda, EMTP, Ref. 8 of Sect* 0.4 References ....... 

Me.I:’ic‘ Cal Con. p plotting via "SCALE" (Sect. 1.10B, Point 14) 

: "KEVr;;c» option of "LINE CONSTANTS" . (Sect. 7.4) . . . . . . . 

Minicomputers. See "VAX", "PRIM*", etc. 

Min/max tracking, Type-64 TACS device.(Sect. 8.5.5) . 

Minnesota Power & Light. See "PRIME version". . . 

"MISCELLANEOUS DATA CARDS" by special request (Sect. 1,0e9) ' . 

Miscellaneous data cards of simulation case (Sect, t.Oh) » , , 
Modal analysis theory of "LINE CONSTANTS” (Sect. 7.4, 11-4,> , 

. MODCOMP computer version of EMTP (Sect. 0.5o) 

"MODE VOLTAGE OUTPUT" for Karrenbauer modes (Sect.1.Of) . • , 
"MODIFY DELTAT" to alter time-step size (Sect. 1.Gg5) . , . , 
Murphy's Law. See any section. - . * . 

;Monte Carlo studies. See "STATISTICS". • . .. 

Nakagawa. Sae "Stratified earth model". ’ -... s 

Newsletter (EMTP Newslet f er; Section 0.) ... . , 

Node aames of electric network (Sect, l.-a) 

Node vcltage output specification (Sect*. t*8a) . , , . 

Non-fatal informative messages (Sect. 2,2b) , . 

Nonlinenr elemei ts. See "Resistance", "Reactance", etc. 

"OMIT.BASE CASE" of STATISTICS .run (Sect. l/OeS) •; 'i . 

Ontario Hydro. See "UniVac", Sect. 0.5c - . 

7OPEN/CLOSE" ..signal of valve (Sect. 1.43, Rule 4c) ' 


c 86 

lvW • i 


- x-p 

*-P 


36k-2 

300 

296 


35q 
4a-1. 
289 
4e 
113 


I2e 

94 

100 b 

iv-a 


4b-6 

4f 

149 

x-o 

4d 

4e-4 


tv -'y- j 

. i a ■ • : 1 

38 vi 
46a- 1 ^ 


4b-6 . t 

• ’ Y'J 1 1 1 j' 

•; 30d '.V ! 4' v| 








) 4; - >**k‘ ■, , v- 1 -:V . > 

\ v ...... : *• 

<| •>.. *1. i*-, i ■*. \ 4 ;• . ;• * 

K-4 •• 

i; , 4 . • .* . : 
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'iMWifinv •• . 1 «■: • - • • • • *• 

i*,)•■!- , f : ■!■ • • : - • ’» . • • ' 

I pOutput supplemental variables (Type 98) of TACS (Sect. 8.5*$) . 

: ;.«PAMM6TER FITTING" of S,W, data (Sect, t.62a, Class 2) . . . . 

; Parenthesis usage for TACS grouping (Sect. 8.5.5-A, Rule 4) .. . . 
^ ,: ‘SS£ k !L* vl ® fclon * for rotating machine (Sect. 1.62a, beginning) , . 

W-10 computer version of EMTR (Sect. 0.5k> .# , .. 

values of solution Variables. See "Extrema". 

^.SIEJF-^kTAGE MONITOR" for peak node voltage (Sect. 1.0e13) . . 

; ^OICE" an <* grid status of plot (Sect. 1.108, Point 11) , 

Phaser solution for initial conditions. See 
’! Electric network printout (Sect. 1.0H, KSSOUTsI> . ... . . 

•i' Control system TACS usage (Sect. 8.4, Point 6) .. . 

•Pi-oireuifc branch component (Sect. 1.23) .. . . 

Pipe*type cables. See "CABLE CONSTANTS". 

Plots of "STATISTICS" switch closing times (Sect. 1,8b, end) . . 
.Plotting of EMTP results. See 

Batch-mode plot card data requirements (Sect. * 1.10) ..... 

Interactive CRT plotting (Sect. 5.).. 

J*i!!^ by ~ poinfc nonlinearity, Type-56 TACS device (Sect. 8.5.5) . 

"POSTPROCESS PLOT FILE" using TACS (Sect. I.OetT) . . 

nSi, 6 ,*!; 1 * 1 ^efficient matrix CP) (Sect. 7.4, App, 1-b). 

!■ . POWER FREQUENCY" (system frequency) change (Sect. 1.0c, STATFR) 

i. Power output of branch or switch (Sect. 1.8a) ... . 

PRIME version of EMTI* (Sect, 0.5f> ...... ....... 

"PRINT HEAD" usage for plot lettering (Sect. 1.10B, Point 10) 
Printout of time-step loop. See: 

Variable IOUT of miscellaneous data (Sect. 1.0h> ..... 

. "CHANGE PRINTOUT FREQUENCY" request (Sect. I.OelO) . . . 

Output variable specification (Sect. 1.8) .. , 

Program Maintenance (Sect. 0.2) ....... . 

, Pseudo-nonlinear element modeling of EMTP, See: 

( Type-96 hysteretic inductor (Sect. 1.31) ..• • 

.Type-98 nonlinear reactor (Sect. 1.29) . . . 

Type-99 nonlinear resistor (Sect. 1.28) .. . 

Pulse delay, Type-54 TACS device (Sect. 8.5.5) . 

Punched card output of EMTP Oect. 0.5-5., LUNIT7) . . . 
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Random number generator testing (Sect. 1.1a, Point 3) 
Reactor modeling. See: 

for linear case, use series R-L-C branch (Sect. 1.21) 
pseudo-nonlinear branch card, Type-98 (Sect. 1*2£> 

1-phase true nonlinear reactor, Type-93 (Sect. K37) 
Recursive convolution frequency dependence (Sect. 1,27) 
Reference manual: former name for this work (Rule Book) 
Reference material (supporting literature: Sect. 0.4) 
v References of "LINE CONSTANTS" (Sect. 7.4, end) 
'■"•'Relational operators (e.g., "EQ") of TACS* (8,5.5-A) 

- "RELATIVE TACS DIMENSIONS" to size TACS tables (Sect 1 , 
■ "RELATIVE U.M. DIMENSIONS" to size U.M. tables (Sect; t 
Ralpy-Opereted switch, Type-51 TACS device (Sect. 8*S,gy 
■; RR^N’JMRER RYRAfi" rogMOSt, to keep input order (Sect, u 
lesidual f^x .9f fegglg'f, 1st} 
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Type-99 pseudo-nonlinear resist©** (Sect. 1,28) 

‘ b Jype-92 true nonlinear, 1-phase (Sent, i 

Hestrike modeling of breakers. Use T&CS (Sect 8 % "*' * * * * 
R,vi5io" date Of Role Book, See front cover? *. ' • 1 

; Rot ating machinery modeling. See . 

: »«?!?fff dynamic synchronous machine (Sect. 1 . 62 ) 

* • Universal machine model (Section 1 63) ' * * * * 

• v ■ *• ••♦•• e. # 

•• if*!®" valve/diode model (Sect. '«.«» ,, 

Sample EMTR ^mSi’ TACS devloe <Seotlon8.5?5) 6 ‘ 

odmpie bmtp simulation. annof.»f.i»rf A..*—,* 1 _ r 7 
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for u.M. modeling' (Sect* l^Vi^V’ *? Lm > S1 • S2) 

S-block. See » F Gn?tion bliok'of'TkcI” 2 ’ JSATD> LHSD) 

Screening matrix of '? LINE CfHtfftTA«»p«» , ' 

|® 8 men^ed ground wires in "LINE C6nstamtS»> Ir ~3) . . 

^oratories) ''erelon' ! (Seo 7 i?'o? 5 ^ ,) 

See ^Education**???;" fon " u ^ a (Sect! 7.5, *App* 5) 

c W«ter version of EMTP (Sect n e*v 

‘ * Signal sources of TACS- TAr? ? ice <Seet. 8.5.5) 
Silicon-carbide?" Je^Su^ar^at'rV 3 ® 0 *- 8 - 5 -' , > 

;j , Singularity tolerances. See : 

■l iyp e 3 5 n 8 | Rf p eater^soln? U (Sect? 1 < fl Ot 5 n dj 0h ’ EPSILN - TOLMAT) 

i; 5 Sfosoidal 1 -^"r’daw 2-b, 'epdGEL) * * ' ' 

: Skin -affect formula. lr'», "Phasor solution". * • • 

•-■[*?>-JSMOOTH" parameter Of plottin« C ?'fIf KT ? W 7^ t App. 2) 

i-is Smoothing of ointf 4 «» P AOtt ing {.»eot. 1.10-A. Rul«> A) J * * 

lls" r-i: ” 1 n W. 

i- ^sPAfnfH ium f Flashover^gap »» 4 * * • * • * . * . * , 

2 ^ ; .Special request 0 Ia?ds S at°beei U ? d switch <Sect. 1 . 1 MO 

n ST^RT AGAIM” remi#*z* f^ beginning data case * # * 

& sta ^ a i-d - -SJ.^ - ,:: 

IH 

5^ Tvlv' ,f statist rrft ?'?*?ion (&*<**' 
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^’SUPERIMPOSE" for multi-scale plots (Sect*. t.lOB, Point 13) .. 
’Supplemental variables of TACS (Sect. 8.5*5) ■*. • » 

Supporting routines (Sect. 7.) . ;.* . . * . •* ♦. 

Surge arrester modeling. See 

Multi-phase, exponential ZnO model (Sect. 1.32). * . • .* 
i- 1-phase, SiC model with active gap . * . * . . • *.» ♦ • 

x Pseudo-nonlinear Type-95 resistor (Sect. 1.28) . 

T-phase true nonlinear resistor (Section 1*36) ..... 

. 1-phase, continuous, time-varying resistor (Sect. 1.35) * 

Surge function, Type-15 source component (Sect. 1.6) ... 

Switches and switched-element modelingi 

Introduction-and overview (Sect, 1*4) ■ 

Ordinary switches (time-controlled, flashover, 

. "STATISTICS”, "SYSTEMATIC” ; Sect. 1.40) ...... 

' Switohed-inductance element, Type 93. (Sect. 1*41) .... 

Switched-resistance element* Type 92 (Sect, 30a) . * •« * *• 

- Diode and valve modeling, Type 11 (Sect. 1.43) .♦ • 4 • 

Spark gap and TRIAC modeling, Type 12 (Sect. 1.44) * * • 

Symmetrical component quantities. See: ' 

"LINE CONSTANTS” theory (Sect. 7.4, Subsect, 5.) .... 

Format for [Rl, CL) branoh input (Sect. 1.24) * » • « ♦ 

Synchronous machine.($.M.) modeling: 

General recommendations (Sect. 1.62) 

Brandwajn (Type-59) modeling (Sect, 1.62a) ....... 

SCE (Type-50) modeling (Sect, 1.62b) ...... . 

Altering fixed S.M. table sizes (Sect, 1.62b, end) . . . 

.•’* using U.M. modeling (Sect. 1.63c) • ■ . * * » ♦ • * * * * 

"3YSFIT" routine (overlay) of "HftOER SETUP” (Sect. 7.8.1.2) 
"SYSTEMATIC” switches. See "STATISTICS” 

SYSTEM20 (DEC) computer version of EMTP. See "PDP-10 version 


Table of Contents ’. ’•••*•*••**! * A\* 

"TABULATE ENERGIZATION RESULTS" to combine parts (Sect. I.Oeb) 
TACS (EMTP control system modeling capability). See: 

Rules for data assembly and operation (Sect. 8.) . . . . * 

: Card to introduce TAGS data (Sect. 1.20) 

•W "ABSOLUTE TACS DIMENSIONS" Request- card • -»•••••*•* 
TACS-conferollpd switch.. See «7alve". _ 

TACS-controlled voltage or current^source (Sect. 1.6, Type bO) 
"TACS EMTP SOURCES" request for Type 1-10 sources tsect, i..ugz) 
"TAGS HYBRID" request preceding TACS data (Sect. 1.20) • • « ♦ 

"TACS STAND ALONE” request preceding TAGS data (Sect, 1.20) . . 

Tails of weighting functions (Sect. 1.26b) ••••**♦••* 

Telefunken version of EMTP (Sect. 0.5h) . . . ..* • 

Thyrister modeling. See "Valve”. 

"TIMt OF DICE*R0LL" for table-saving time (Sect, l.oeizj . . * 
Tinie-Qequehced switch, Type-57 TACS device CSect, * 

".T'iME STEP,LOOP" request follows "START AGAIN (Sect. 1.0el6)^* 
Time-step size (misc. data, DELTAT, Sect*. I.Oh) •* » • • * \* * 
Time-varying resistance elements. Seer 

Type-97 staircase resistance (Sect. 1*30) . . . • • ? • *. * 

Tvpe-91 continuous resistance (Se*-,. 1*3^) • ; .r * * 

‘ "TMAX" termination time definition. See Miscellaneous 4a * 

: Transfer funt tipn of control system* §«« "Function block".* • 

■ Transformer modeling »■ See \ 

: Saturable r ?TRANSFORMERV ps&MQPQk # - - * - 

Linear coupled ' R-L mod,4 ***£ * '* *■ 
‘sucoortiiig program to d.efiy.c $r?L .^oq.ef TvfY *»••* 

: hi '/.• also -to :nohlih'6af v ^fe v actor faodeliftg faje 
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Transmission line modeling. See 
Pi-circuit- model (Section 1.23) 

Continuously-transposed, distributed model (Section 1 .26) 
Untransposed, frequency-dependent model (Section 1.27) 

Supporting programs (Sect. 7.4 to 7.ft) . 

Transport delay, Type-53 TAGS, device (Sect. 3*5.5) . . . . 

Transposition of lines, mathematics (Sect. 7.4, App, 5) , , 

"TRASH” node .of Type-16 source (Sect. 1.61, Rule 7) . ; . , 

"TRELEG" routine.for core-type transformers (Sect. 7.In) . , 
TRIA'C. See "Switches’^, 

"TYP-16"'node of Type-16 source (Sect. 1.61, Rule 7) . . . . 


1 

* * 


U.M. See "Universal Machine”. 

Univac version of EMTP (Section 0.5c) . . 

Universal machine (U.M.) modeling (Sect. 1.63) ! .* 

University, of British Columbia (Sect. 0.) •*. 

University of. Minnesota.. See "CDC". 

University of Pittsburgh. See "PD?--10 version" . 

University of Wisconsin. See "Education", "Harris". 

"USE ilB" option for Pi-circults (Sect. 1.23, Rule 8) 

"USE RL" option for Pi-circuits (Sect. 1.23, Rule 10) *,*.’,* 

User instruction. See "Education". 

User’s .Manual: former name for this work (Rule Book) 

Valve (thyristor) switch component (Sect. 1.43) 

Variable dimensioning of EMTP tables (Sect. 0.6) , . * * ' * 4 .* 

VAX version of EM7? (Section o Cjl ' * ' 

Voltage regulator modeling. See "Exciter modeling"..” * 

Vol -age source modeling. See "Source cards", "Rotating machSn ery"\ 

"vFTrpTvrM Utlne J er * Ve w «i«hting functions (Sect. 7.3) . . . 

re 3 uest for transfer to "WEIGHT" (Sect 1 Oe) 

Weighting function, usage with branch cards (Sec?? i. 26b) \ * 

With t i me a2 parameter (Sect, 1.10B, Point 15) 

I**?* t 0r fcransfer to "XF0RMER" (Sect'. 1.0*) * ‘ 

XrjRMER routine (or transformer [ft], [l] (Sect* 7,1) * * " * 

Z-block of TAGS. See "Summer". 

Zinc-oxide surge arrester modeling 
Branch card data innut (Sect. U 32 ) 

'’ A ? Rt> ( T " t0 fl t exponeotiais*<Sec, 7 * 2 b) * ‘ 
Type 17 voltage-dependent current source (Sect* 1,6) , ' 
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Censral Comments 

***• raodelliti^ used to repment transmission , 
• ; lines in t.ie TrsUrtsi^n’ts pcses & numb^if 

:«f possibilities for the user. ' 



To start the analysis, one can write- the 
* exact" partial differential equations 
soveminfif the voltage and cuiv-eut on '“hit 

line. ?or '.{ phases ( conductors}.. these 

are 
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Although the incremental section ef iirte 
Has been sketched only for N " X . in 
preneral these are vests-->•■•- matrix ecuutions. 
where Ul, £rTU ^ £ C1 ^ be ' 

determined from a line-consent*, proferam* 
S«s "LINE CONSTANTS" <-v sect*’ 7 4 



Now if the transmit fin. iv.* :o* .busied to be 
fcransoosed (or jirst if ?-ph-,sv) c . then 

si'XX ?wirici?s h&vs* onl> *Wt‘ distiftot#. ©Ig'norst values 
all diagonals hare a common v*lue "$ 5! , .-,.nc ail 
of f*dia$onala have a common value 'y ? . 
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* tudy contemplated^ ofrfivns ar#> now available,, for a long ti «* 

>«niy option we* to easier.# lu»fc*d*»pareaat*r £*« aa-rtior.s, eecft 
approximately repr**.*‘rr.* the actual dohatniction ovt? »he mayo* 3S<£ «r to 
Piles.of the section? Vet a I'insp^d *p«N*a«ter solution is costly in 

r-o»Put r time end afc«r*o« Srtd»ir*»\fntr P so *ncu.lt be avoided l£ *»r*«ticai* 
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in December * i98‘.:- the option ci sideling the line as untra* s** 5 * ® •*** l *<* 
r«s implemertted in the E«tS* with the he*& of pr* K<* C* Lee of trtee 
jrnivenity of British Colombia in f„c* woo originally 

r«loped this modeling capability •:.***• Reference 303. 


rntranSposed lines *»’ 

for er. untran*p<.30d transmission line* the tell impedances € *?■* 
nances) of all Phases as wen as tr.lr mutual impedances (c*c*cl t* , " <,l, 
ire no longer equal among tnemselvej. However* tne line constant;* 
vatrices ar* still symmetric. *ooai decoupling is still oo*iin«» ! L 
line transformation matrices required for,, tne dlanonailsatlon pro*?** * * v .» A 
%.pv characteristic of the line contiguration* end rust be suppli ***? _ ^T, 
*ser. The diagnoal matrices U* 4- ) and CC'* ft 5 in tne modal <s»° ‘ 
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wi;n the columns of fTvJ being the eigenvectors of the matrix product 
tz Vnase 3 tjwc pjj__ j* voltage# and current* in phase quantities are 
obtained from rioaai quantities with £TD and CTv3 a* followsi 


and 


“ phase ) V t«) “»«. ) * 
tv phae. ) ; * »*> ‘Vde? • 


; V • * , » ■ 

Inpute data for untfansposed transmission lines must be given in 
modal quantities , i»*» *. N sets of values R' mode r t>* Aa and C L.j, 
must be specified on the w cards of an N*phes« 'iihe* Theda N cards are 
followed by cards for the modal transformation matrix m3* This modal 
transformation matrix £Til for the currents as wen as the branch cards 
for the untransposed line are now automatically generated on unit LUN1T7 
when one runs "him CONSTANTS* of the g»TP* 

. Theoretically, the transformation matrix tUJ is complex as well as 

frequency*dependent. Tor overhead lines* however* it was found that th* 
CTiJ can be approxins * £t<3 by a real+vaiued and fr#quency*independent 
"accuracy 8 £rfcqu * ncy rn * 9 * 10 ** £ ® *0 *H* with sufficient ' 

r nuTT? n <f X !!!Si! ? £ branch cards and transformation matrix generated on 
* T7 is shown below. This is the result of running "Line constants* 
o£ un tr«nshosed Coum.R.v.r doohl. elreSlt l""« « “«.T4 «I«”o B9 . 
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f |> ?h*branch dst* on luntt? are generated with tit* nigher- 
prectslen format, *o a sv|NfA<3C» i c»r<j must be added 
•• -. bale?* the first branch card and * iViHTAGE, 9 wri need* ,• 
to b* added after tb* lest branch -card (see p,i5a-!5, 

• • • .. /.Vi,; 

■ !'V 2> pn'each branch card, the user mast punch the 6-character bud * 

...<•• name* o# tna branch, Thu format it 3A6 in column* 3 to 14#.' 
Soth the fUtNTASS cards and bus name* of the branch* win 
be automatically generated for tnt user in the future, , *: 

, 35 The negative sign on tfit length Of the Unt is a flag for 
• v emtp to recognise it is an unttanspestd Una when this form* tr \ 

’• 1* used, 

4) Real-valued .transformation matrix tti) elements use 6Ei2,5 

. format, ; . 

5) The user also has the option of inputting these branch card* 
with the regular format described on p,14 and 15, 

transposed lines ’ 4 

The original modeling of the continuously transposed distributed 
parameter line can now be viewed as a special esse of the untransposed • ■ 
line modeling, where the former has only two distinct matrix elements, . 

The N mutually-coupled variables-in the phase domain can again be con¬ 
verted to n equivalent uncoupled modes be the aforementioned transfor¬ 
mation matrices ETvj and CTU, However, for a transposed line, there 
are only two distince modes — a zero-sequence (ground) mode and {N*l) 
id ntieei positive-sequence(line) modes. 
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Diagonal!zation 
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Similar relation* apply to CL] and CCi, . / s 

Until now, the Karr*nb«vi*r f * transformation was used 10 the ehtp ^q. 
diagonalize the matrices for a transposed line. However, one bey char* 
aeteristic of the Harrenbauer transformation* ttvi * ETiJ,* is not gen— 

‘ «rally valid lot* an untfanspeaed line* tether than have two d.ifferent • v 
.seta of logic for the con vat Sion of variables between phase and'modal *•.. -v 
domains, it was decided-to treat the transposed line as 5u«t a partieuisl * 
special case of the u^transposed one, m both.bases, -the conversion . ‘ 

formula given cn tne last page.. ii.'vt r ed;*, to-accomplish thii, amort '^ } ■ 
.general transformation matrix, her now. been-chosen to replace the. brig- /W* 
inally-used xarrensauer trsnsfornatloh. This h«w^ transformation -matr-Mr" 
tn.' was first used in the EMtp .by Ohtarfpr Hydro, in .the 
• SETUP-* code of Section 5,5, it has the following iormi' 
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wh«r« N is the number of phases of the lint, j i 
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When n«j, £Ti3»l, This corresponds to • single-phase transmit-! 
i* ne i* mathematically identical with its zero sequence (i.e^ 

transformation produces no change), this special case simply ns no dos-^S 
itive-sequence values; only zero sequence data is inputted. P 1 

aft.r S i^ h \i^ <orm f U ! n nam * m3 *» generated by the .emtp right -I 
after each continuously-transposed line is inputted. From then on tn.rJ 
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logic resulted in a reduction of about 350 lines of CMTP FOrtrU ^J! - 
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• Distortionless - 

i*«r> JL**^*''*** T '°' :> ** V% ‘ J known - ’ 7 to *»■ tiiat^-^vsfiXtM if parameter-* 

y , ^UM«. a/t » *> . • «• ,.* r „ „*«i 

•"%^T W f iul » ******* «W If tv user 
2 H that the input value of R‘ 

tL £*Ll *£ ° f * A# iin * *"•«. Therefor the program solits 

«» *** by computing the aeries resistance 

series * nd the *•***« conductance 04^ k . from the relation 

S wri«« _ °{fk _ r V/ R *\ 

C* W ) 

the an steady-state results are practically identical whether 
xn line is modeled as distortionless or in the other two wars to fclVv. 
Transient responses differ mainly in the initial rise of volume oulsea. The 
attenuation constant «. is found from the relation 

^ • M:-p' i I ■*'% . 

Tn corresponding- decrement factor is e~'*‘ ' v where J( is the line length. 

Such distortionless modelling is generally need only for the positive sequence, ’ 
3 jl at* alxe 


I .umped^rgsijg^rto^ lAc-t? modelling 

. p* second (and only other) distributed model which is readily solvable is 
•that iit which the series resistance is pulled outside of the distributed line, 
and wrprMisnted &* a lumped elemnt, This is the most common reprs fen tat ion 
-used in.BPA studies, the standard representation which is assumed u less the 
taser sp clfically requests otherwise ( see variable IP0NCH, cols, 5>-SU). The 
'program automatically cuts the line in. two, inserting half of -the resistance in 
•fche middle, and one fourth at each end: 
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distributed 
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The half-length distributed sections then basestfloj*le*s {hence distortionles , 
-with attenuation <4 w C Both modes of most tines in 8PA studies are usually 
so represented at present. See further comenta in Section lt»2 , v ■: 
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Frecmencr-den rdent modelling 


H * V 

; f* ' 


The resistance and inductance of th zero-sequence node are typically quite 
variable with freauencyj the resistance in particular* which is furthermore 
substantially larger than for the positive-sequence node* ' ’’Exact 11 distributed- 
parameter representation is now available for the aero sequence, as described in 
Section t.26b' . 
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Path format for distributed-parameter line cards 
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To specify an N-ccnductor, .. distributed-parameter transmission 

line, conform to the following rules and format: 
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r GEM-A 

LI1® PARAMETERS 

END-A 




. GEN-B 
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HI THE MODAL 

END-B 
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. OEN-C 

DCrAlN 

END-C | 
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Rule i: 


Number the phases -1, -2, -3, «»♦ • , *K * Make out one branch card 
for each phased and stack them in this sequence. Indicate this sequence 
by punching -1,. ..... -N in columns 1-2 of these cards (field ITYPE). 

N cannot exceed 9 phases. 


■ • r ,• 

■ ; . V 


Rul 2: Soecifv each of the chases -1, ...» , -N by the names of the nodes at 

-- ' both ends (columns 3-XU;- field names BUS1, BUS2). Nodes may be grounded 

* / (indicated by blank name field) -if desired. 
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Rule 3 : 


r »;• 


if I t 




. / 
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' r- V • :'i ** 


N ‘. v * yv' 
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j • • *• 

' ? ' f • 

V.* 
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■!» 1* f * t. 


If the parameters for this line are identical to those of another . 

N-phase line oreviously inoutted, then the option of rule U in section 
1.23 may be .used, except that no storage is saved here. Columns 15-26 
with field names BUS3.and 3USU are used in this case. Otherwise, they 
are left blank. . ' J 

For an N-phase continuously-transposed line, there exists only 
two modes, specify the zero-sequence parameter o.n the first 
card (the card for the first phase), and tne pvsitiye-seouence 
parameters on the. second card (the .card for the second phase)* 
Leave the modal parameters Plank on the third and later branch 
cards. For an N-phase untransposed line, there exists-N dif¬ 
ferent modes. Specify the modal parameters for the first mode 
on the first card, and tnose for tne second mode on the second 
card, etc. for tne the third and later modes; The four basic-. 
Pieces of modal information needed are resistance, inductance-,. , v 
copaeitance, and length; yet three forms for this Input are. 
possible: . 

a) In all csjcs, punch resistance ft’ in ohms per unit length in * - 
. columns 27-32, and line length 4 in consistent units in columns 
.. ' U5-50. . 

VC b) ' Parameter IUKS (columns 51-5.2) determines how -V and -C* . 

:• : may be disguised. Remember that .variables ts.it and COPT came . \T&“Z 
. • from the floating-point (first; miscellaneous data card of , ■y/C.-Ci 

. Section I.Qh . . • •• •/' "-.-‘U-f:.' 
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Rule S i 


•, «h* *•— wlvma 33*39 /" -, 'i •* - —«*#***. columns ftaii’ V- ' •■' 

—to* r — n-, mi ; : --, : - „ r 7 ....':i r >'~ I^Ti i i ' mm*m 

LMr? nSf&euffth if »3PT»6 C* in p/lenghh if «0PT»4) 

Reactance WL 1 in <A»/length Suacsptanoe ygi « JU 

at frequencyXOPT if gQjPT^Q at frequency COP? If OOP?#©* 

Surtta impedance 2 # in ohm Preparation velocity in length/soc 

•. • ••'■-. ' :**}&$ 

3ur?e lwp ^ anoe z s il » ohfM travel time 7* of Una, in sen 

%s 7* « 4 / v w 

P Yf U * g and/or Putina us# a column-80 punch 
(variable ICC? ). Only far a slngle-phase Urn is branch-current 
output possible* Within this restriction, though, 


iotrr •» 


a 

1 *#fc branch current output only 

2 safe, branch voltage output only 

both branch current and voltage output 


Rule 6t 


A blank or aero will give you no such output, of course. 

t * 

A iL 52*if TLT' tra :! 1 iim > s »«««°t ui» 

* • sue At (Seet. t*0b )* If not, the program $&11 ston wok 

an error message (see Section 2.4 P ? ww “ t 3top wlth . 


V'N ■*&*.- * ® otJl ^ C f must be nonzero for each mode. 

- e • * * * ’ « 

t 

iiHleJJ* Variable tWHCH of columns 53-51* specifies the type of modelling to 
be used on the mode of the card in questions modelling to 


'• fl*4 ’, 




IPUNCH « 


C O ’**lu 

1 mbdi 
•1 ate f r 


*? " 0t, * llin g (the usual case) 

^ distortion!#03-mode modelling 

*“ r;7S"tf ; deT> "?!,^ r** "° d * lu "8 (-'or *•« eeq.onlr). 
to Seo. 1.26b for extra dote cards required. 
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' ■Sfllli.* IP05E » 1 0 or blank* lint it asumed to be transposed* 

[* I *s*b«r of phiiti of an tintfansposed 

: r*: line* 

j ; 

! Xu±<LM) Oniy whan IPOSC jf •# tft* transformation matrix C«J it 
raad immediatelyattar tbi »»tfi branch card, 

THa elements oft tha matrix ml art read tn by row* (row % 
<****» row t* ate, 14 within taen row, altaant* art raid 
• *n order ti inerts#ins column number, ' each raw begin# with a 
• . «aw card# ana there art 0 or fo*er altaant* par card, rna 

fo'. lowing format is topitctbit to row *%* of a 8 -phase Hot, 



If the transmission Una had only 3 phases* tha final thraa 
title* Ctoionm* 37»?2> would not ba «scd» ror H < ft pharos, 
exactly * data card* art involved? for 1 < » < u phases# 
exactly tit data cards art involvod* ate* Note - that there 
most at exactly if* elements for till. 
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• Alternate high-precision format > 


— *...., 


The ^VINTAGE card (see Section 1.-0), which is honored by 
most computer systems, provides for an alternate high-precision 
format. .. Specifically, the R»A,6»L fields can be switched to 
4E12.0 (columns 27-74 in this case) if SVISTAGE, 1 precedes V 

such a group of neU branch cards, and IVIKfAGE, 0 follows the ‘V 

grouping. -As of August ipgG, Pi-circuits ^Section f.2}) and the 
simple series 8-t-C branch (Section 1,21) are other components which 
allow such new, wider formats! they oan also be included in the 
grouping between the IVIHTAOE cards, then! 
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■ ,/ -> v u\ 

•v t ?*v.ViPVa-.. 
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I VIHTjtGE, 1^ . . | f | _ __ 

C Any mixture of series R-L-C, Pi-oirculfc, and 
distributed line cards, as long as all use the 
new wide formats. 




IVINTAGE, 0 











T^e Section I_%_?S a ia now eliminated from the SMTP Rule Book <jue 
tne removal of Karrenbauer's transformation for the transmission 
It*Off) SMTP* .... 
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12.1 


f ormat for Frequency Cards ( Point 4 "IlNB CONSTANTS^— 

• • :• Ebr each discrete frequency or logr' thmically-epaced grouping of 
frequencies ior which Un constants are to be calculated, there is to be 
„ _- —a format 1 
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HHO 

( 1 - 6 ) 


FREQ 

(9-18) 


"ENGLISH n data cases. 

• a line constants calculation, in units of 

S 5 T* For X 0 s.nt 5 .i 0 looping ovoj t« or ooro fmuenoio., 
this is the beginning frequency (see 

columns 60-62 ). 


•„n„« . 1 M« in column 28, in order to get full 

. ^'4^ (ig- 20 ) precision in the ^^^^^thef^ns are 8 

; is the Standard production usage. ww« v 

vrvjy; C described elsewhere. 

\i\- ICPR-Printout control parameter for capacitance matrices^ C 

' 7 ri __ ... »nft# matrices COICJ, or , 


.(30-35) 


!! : ,i i&jfe' 


or the susceptance Matrices^ cont „ la 


of these. Variable 

the inverse option, ■*»»—* ---- - f 

.printed outputs can be requested by Means or 


. thi 'inverse option, hote^^^Si^poesibl^independen 


. ,V. 1 *' ;* 

> *. ',•'/« 4 . 1 * '*•''* / f*V* * ,v -*■ * * 1 
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le appTOpn»«- 
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Resulting printout 
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; ' .32 ‘ 

V > ‘ .. - • 

Vr- 33..' 

; 

' 34 

35 

L, 1 —- 

• Inverse of (.C i or CUt,C 

Inverse of or U>t C E 1 

* Inverse of tC g l or 

' (.cl or U)tCl 

tCg] ; or U>CC E 1 

tC«l or tu[C s l 


, A • 


:v a 


•e BUDscnpto w* —--• . 

n0tta _for the unreduced system. P*J 8ic l 

•> , conductor has a row and column in th ; ; 

' matrix, as does each ground wire, • , , y 

' «.« for the equivalent phase 

V\. •••-.. i 1. (after elimination of ground wires and ,^> 

;/?/• y .> '•> . V the bundling of conductors^ ; ,.^4v 

V Vr , ' *‘,S V’ •'! • I' ,t •.tv. .;* j. * v i ' , >* * ■ - * *• 

y.( -?‘j v *, .*■ 

* .r*d f ‘ j * r ' s ■ v.- . ‘V .• • 
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—••.forth® symmetrical, components of 
• *T , .tha 'tiulftiiBt ’phase oonduct re. 

i t.* iVi 11 -\', 1 - i . . •. •• :• . • 

•/ • . • . " -• • .... v'-'Vi--;- 

’ ******** ooRtral for the Wies impedance !•' 

M~**y . { 3 J * ’ t«y ♦ ti ) -or their inverse*, •*=': 

.‘ 4 ", independent printed outputs can he requested 


(37*425 


:K:t- • < 


leap 

(44) 


DXSP 

(45-52) 


j col. # 
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40 

41 

42 

| Output 
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■ . 1 

control over whether it i* to) or OJtC] that will •' 
be outputted by any M IGPH W requests of columns 30-35 $ 

■fi ,vsp> ■ £c J or its inverse 
^0 iUlG 3 or Its inverse , 


length of the transmission line under consideration, in 
units of f % , 1 

j kilometers —if 'IffifRIC* 

1 101:168 ——— if "^ 2 fOI.XSH ,, 

this fieldcan usually be left blank. It need be punched V 
only for the following situationst P 

1) Iter use with "SSKlTBr SETUP" * see Section 7.5 

2) Ibr the development of a Pi-equivalent using 

long-line formulas. See "IPIPfi" below. 


■* : • 


IP IPS 
(54*57) 


J ’• efC *U: 


m 

co ? tr ? 1 f ?f tfe8 equivalent-Pi net rices of a 
long transmission line, • Four, possible indep end ent 
printed outputs can be requested by means of " 1 " 
punches in the appropriate column* * 


Col, # 54 

55 

56 

F 57 

output T 

Y s" 

- Z 

L"V” 


See further discussion elsewhere. 


4 flag indicating Whether ground wires (if any) are to ' 
be treated aa being continuous, or instead segmented! 

, ? **& continuous ground wires (the normal o«s»)f‘ 

T 1 ^ segment aa ground, wire# (eui at beimtiwelf' 
V .. short interna*). ' 'T.;„ 

^#e further discussion elsewhere/ - 
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'h. v ’. V '.'• : «"V' ■’■' *:. J •* ’, 

V / J, V ,.’r .’*■ \ \ 

*• /->\r^ *• ■'* > /v *i . j .!’ • .V . • *» X * 

1 ft. iFvil • — 

■ yt ?*<u -•»* v-vT- : ■ 

■■V ^v': V.- . Hi ; : r f •' >. '<rr.‘ 

-&:• Vfv*fX W'- 


■' • . ; S .123; . 

A flag shleh ie used to -indicate til presence of 
communication circuit parallel to the power circuit* 

{ 0 ■=£> there la no eueh cosmuaication circuit , 
(which la the normal caae)j 

1 cs^.yea, produce special output for a nearby 
etnamunication circuit* See further 
.•• . discussion elsewhere. 


r : X| : xbbc •' — 
(eo-sa) v .- 

XXvXX;'.'’ 'J-£;. 

Jj .■*■ p’l ?5'«* ‘ !r• V;.;*’ 1 

1 ‘ V -• ,‘m . V-s J / V, 1 . • *>' 1 


7 Sf 


- leave blank for the normal single-frequency line 
constants calculation* 

;' Per the epee of Internal looping war logarithmically- 
V,- spaced frequencies# ’MDSC" la the number of decades 
which aia to be spanned,. 


;■ 1 


... -ift’*- • • 
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••, t- r ■' 


.(63-65). 


JCV I^Cf, **>- r - J ^ 

■ '$< Try-*: - 

' ej» u . S’ - i . - * *: 

( 66 - 6 $) 




i ft-- '.-'M-.- . •« 


leave blank for the normal single-frequency line 
constants calculation. 

for the case of interna l loo ping over logarithmically- 
spaced frequencies* "EPffT" is ths number of points 
per decade at which line constants are to be' calculated. 


formally this field is left blank. It is used to 
request npn-prfnted output of modal quantities* in. the 
case of internal looping over logarithmically-spaced 
frequencies. Bunch « 
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for the connection of aero-sequence 
(ground mode) impedances with 
"WEIGSTiSte" ♦ fhia has meaning only 
when a "1INE OOK65?AKT3" data.caae is 
Imbedded in a r, #EIGHTUfG rt data case, j 

As just described for "M* * only,- 
for the Jfiarrenbautr line mode (rather , - 

than the grotaid a»de)* 


v ;■ r^U‘ . , 


Y.; MfllJAIi- .: l •-' f 0 or blink «*%. The Hi 

• v v’-,;V>5-‘(69-10) - *»••./ ' -tranaipi 

i .i-.T;:-r .1 Mg. til 

Vi ■ ; ' the mo< 

• ,f .’• ■'. r i ; -V"' • - : -r-.; •%;• .matrix 

/.i-i • */ V J j*. . , y I- v,‘» » * > 1 -vrt ’»•'-■ *• 1 Jjl 

Vc .V? • rt ?-; ... i ' 4«%. 
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. V-* ^ ’5-v/> A.-jVi 

, m ” f .--X* *»V,V5 ^ A/ v'c** V*: ^'1“'^‘ b * 


blank «** The line i# aesumed to be continuously- | 
transposed* • - 

X -*-. *»«► ®ss line' is assumed to be untranepoeed. _•• 
■.v‘- : 'iv : '-. ■- ’^s' modal perame’tere and transformation \ 

' • •%> matrix sill be calculated and written on;; 

i-.:■ 'vttd .%• mi&a bKWMir «**• <ss* Section 
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. 52-13?* V l,» Jr:i!!2 “**»JW UiW J» cojuaaa : ' 

character,. md column, 1,50 u Jed 5 V "*f-■*• «P»rator 

All interpretations related, to "LDTB CONSTANTS of da**. iaage, 

section, . . * • oTANTS «« explained in the preset 

(seifs e ^ion aX l*Sl U r t “"l* 11 ** bears «»• kgr wort . . 

for th* fflaxiasum nmber of ~r,*A S l * ^ We l0t variable *%ai# $tand 

allow, interpretation is as. follows? 0 ' 0T * that 0uy *' wrt dimensioning wiH 
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